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Description 

INTRODUCTION 
s Background 

[0001] Existing methods for the chemical synthesis of proteins include stepwise solid phase synthesis, and fragment 
condensation either in solution or on solid phase. The classic stepwise solid phase synthesis of Merrifield involves 
covalently linking an amino acid corresponding to the carboxy-terminal amino acid of the desired peptide chain to a 
10 solid support and extending the polypeptide chain toward the amino end by stepwise coupling of activated amino acid 
derivatives having activated carboxyl groups. After completion of the assembly of the fully protected solid phase bound 
peptide chain, the peptide-solid phase covalent attachment is cleaved by suitable chemistry and the protecting groups 
removed to give the product polypeptide. 

[0002] Some disadvantages of the stepwise solid phase synthesis method include: incomplete reaction at the cou- 
*5 pijng and deprotection steps in each cycle results in formation of solid-phase bound by products. Similarly, side reac- 
tions due to imperfections in the chemistry, and or impurities present in the reagents/protected amino acids, all lead 
to a multiplicity of solid phase bound products at each step of the chain assembly and to the formation of complex 
product mixtures in the final product. Thus, the longerthe peptide chain, the more challenging it is to obtain high-purity 
well-defined products. Due to the production of complex mixtures, the stepwise so id phase synthesis approach has 
20 size limitations. In general, well-defined polypeptides of 100 amino acid residues or more are not routinely prepared 
via stepwise solid phase synthesis. Synthesis of proteins and large polypeptides by this route is a time-consuming and 
laborious task. 

[0003] The solid phase fragment condensation approach (also known as segment condensation) was designed to 
overcome the difficulties in obtaining long polypeptides via the solid phase stepwise synthesis method. The segment 
25 condensation method involves preparation of several peptide segments by the solid phase stepwise method, followed 
by cleavage from the solid phase and purification of these maximally protected segments. The protected segments 
are condensed one-by-one to the first segment, which is bound to the solid phase. 

[0004] Often, technical difficulties are encountered in many of the steps of solid phase segment condensation. See 
E. Atherton, et al., "Solid Phase Fragment Condensation - The Problems," in Innovation and Perspectives in Solid 

30 Phase Synthesis 11-25 (R, Epton, et al. 1990). For example, the use of protecting groups on segments to block unde- 
sired ligating reactions can frequently render the protected segments sparingly soluble, interfering in efficient activation 
of the carboxyl group. Limited solubility of protected segments also can interfere with purification of protected segments. 
See K. Akaji et al., Chem. Pharm. Bull. (Tokyo) 33:1 84-102 (1985). Protected segments are difficult to characterize with 
respect to purity, covalent structure, and are not amenable to high resolution analytical ESMS (electrospray mass 

35 spectrometry) (based on charge). Racemization of the C-terminal residue of each activated peptide segment is also a 
problem, except if ligating is performed at Glycine residues. Moreover, cleavage of the fully assembled, solid-phase 
bound polypeptide from the solid phase and removal of the protecting groups frequently can require harsh chemical 
procedures and long reaction times that result in degradation of the fully assembled polypeptide. 
[0005] Segment condensation can be done in solution rather than on solid phase. See H. Muramatsu et al., Biochem. 

40 and Biophys. Res. Commn. 203(2):1 131 -1 1 39 (1994). However, segment condensation in solution requires purification 
of segments prior to ligation as well as use of protecting groups on a range of different side chain functional groups to 
prevent multiple undesired side reactions. Moreover, the ligation in solution does not permit easy purification and wash 
steps afforded by solid phase ligations. Furthermore, the limitations with respect to solubility of protected peptide seg- 
. ments and protected peptide intermediate reaction products are exacerbated. 

45 [0006] Chemical ligating of minimally protected peptide segments has been explored in order to overcome the sol- 
ubility problems frequently encountered with maximally protected peptide segments. See Cheng, etal., Chemical Syn- 
thesis of Human d-endorphin(1 -27) Analogs by Peptide Segment Coupling. Int. J. Pept. Protein Res. 38:70-78 (1991); 
J. Blake, Total Synthesis of S-Carbamoylmethyl Bovine Apocytochrome c by Segment Coupling, Int. J. Pept. Protein 
Res. 27:191-200 (1986); and H. Hojo et al., Protein Synthesis using S-Aikyl Thioester of Partially Protected Peptide 

50 Segments, Synthesis of DNA-Bjnding Protein of Bacillus stearothermophilus, Bull. Chem. Soc. Jpn. 65:3055-3063 
(1992). However, this method still requires the use of protecting groups on all Lysine side chain amino groups, selective 
N-cc protection of one or more segments, and laborious purification steps, involving purification, reprotection, and re- 
purification. 

[0007] The use of multiply protected peptide segments is incompatible with the overall scheme of engineering pro- 
55 teins using peptides produced by means of recombinant DNA expression as a source. Protected peptide segment 
methods are labor-intensive, and the protected peptide segments have unpredictable handling properties, partly due 
to the solubility and ligating difficulties of protected peptide segments. Often, large protected peptide segments are 
minimally soluble in even the most powerful polar aprotic solvents such as dimethy (sulfoxide (DMSO) and dimethyl- 
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formamide (DMF). The problem of insolubility in protected peptide segments has been addressed with limited success 
in several ways, including the use of (1 ) partial protecting group strategy which masks all side chains except those of 
Ser, Thr, and Tyr; (2) minimal protecting group strategy that masks only thiol and amino side chains; and (3) using 
reversible protection of a backbone amide moiety to prevent aggregation/insolubility. Protecting groups used in the 
latter approach alter peptide conformations. Use of backbone protecting groups is not yet straightforward or predictable 
and requires significant experimentation for each target polypeptide chain. 

[0008] There are a number of techniques for ligating unprotected peptide segments via unnatural backbone linkages. 
In contrast, there are few methods for achieving a "native chemical ligation." A "native chemical ligation" is the chem- 
oselective reaction of unprotected or N-terminal Cysteine protected peptide segments with another unprotected peptide 
segment resulting in the formation of a ligated peptide with an amide bond at the ligation site. The fully assembled 
target polypeptides of the invention comprise one, two or more native chemical ligation sites. 
[0009] Accordingly, there is a need in the art for rapid methods of synthesizing assembled polypeptides via chemical 
ligation of two or more unprotected peptide segments using a solid support, with improved yields and facilitated handling 
of intermediate products. 

[0010] The present invention makes possible, inter alia, the rapid solid-phase synthesis of large polypeptides with 
a natural peptide backbone via native chemical ligation of two or more unprotected peptide segments where none of 
the reactive functionalities on the peptide segments need to be temporarily masked by a protecting group. The present 
invention accomplishes for the first time, solid phase sequential chemicalization of peptide segments in an N-terminus 
to C-terminus direction, with the first solid phase-bound unprotected peptide segment bearing a C-terminal a-thioester 
that reacts with another unprotected peptide segment containing an N-terminal Cysteine and a C-terminal thioacid. 
[0011]. Other embodiments of the invention also permit solid-phase native chemical ligation in the C- to N-terminus 
direction, with temporary protection of N-terminal cysteine residues on an incoming (second) peptide segment. Those 
of ordinary skill in the art will readily appreciate that the invention may also include the use of nonnative chemical 
ligation to sequentially I i gate peptide segments via unnatural linkages on a solid phase. Alternatively, the invention 
may include the use of native chemical ligation of peptide segments wherein said peptide segments comprise one or 
more unnatural backbone linkages. 

[0012] WO 96/34878 and Le Canne et al, J. Amer.Chem.Soc , 118(25); 5891 -5896 disclose the ligation of oligopep- 
tides prepared by solid phase synthesis. One may have a C-terminal thioester group. Both oligopeptides must be 
cleaved from the support prior to ligation. The following references may also be of interest: Matthys J. Janssen, Thiolo, 
Thiono, and Dithio Acids and Esters," Chptr. 15 of the Chemistry of Carboxylic Acids and Their Esters (1 969). 

Schnolzeretal , Science 256:221 -225 (1992) 

Rose et al. J. Am Chem. Soc. 116:30-34 (1994) 

Liu et al., Proc. Natl. Acad. Sci. USA 91:6584-6588 (1994). 

Dawson et al. Science 266:77-779 (1994). 

Sakakibara S., Biopolymers (Peptide Science), 37:17-28 (1995). 

Tarn et al., PNAS USA, 92:12485-12489 (1995). 

SUMMARY OF THE INVENTION 

[0013] The present invention provides, inter alia, novel methods of producing large polypeptides by native chemical: 
ligation of peptide segments in aqueous solution to an unprotected solid phase bound peptide without need for pro- 
tecting groups on the peptide segments, or, with temporary protection of the N-terminal cysteine of incoming peptide 
segments. Among the many advantages of this embodiment of the invention are: ease of purification of the intermediate 
and final products; faster ligation reactions; rapid synthesis of large polypeptides with a natural peptide backbone; ease 
of ligating reactions due to the lack of protecting groups and resultant enhanced solubility of peptide segments in 
aqueous or mixed aqueous/organic solutions; chemoselective ligation due to the lack of reactivity of the thioester moiety 
with other functional groups present in both reactive peptide segments to form stable co-products, resulting in a purer 
final product without side reactions; adaptability to monitoring on the solid phase via MALDI mass spectrometry or ESI 
MS (electrospray ionization mass spectrometry); decreased racemization due to the use of mild activation using a 
thioester and the avoidance of elevated phis; the polypeptide product is obtained directly in unprotected form; and 
adaptability to automation and combinatorial techniques. 

[0014] A significant advantage of the solid phase ligations over solution ligations is that the solid phase ligation 
methods do not require arduous H PLC (high pressure liquid chromatography) purification and lyophilization steps after 
each ligating reaction , whereas ligations in solution do. Thus, the solid phase ligations eliminate many time-consuming 
purification steps that decrease the recovery of final product. Instead, the solid phase sequential ligation methods here 
described only require a single HPLC purification and lyophilization step after the final unprotected peptide. segment 
has been ligated and the assembled peptide is cleaved from the solid phase. The elimination of these time-consuming 
purification steps allows for faster synthesis of the final product, i.e. the assembled peptide, than would the analogous 
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route in solution. Ready purification of the desired solid phase-bound product from soluble coproducts presents a 
tremendous advance in terms of the yield of the ultimate assembled polypeptide. 

[001 5] Another advantage of solid phase ligations is that they permit higher concentrations of reactants which leads 
to faster reaction rates. For example, by using an excess at high concentration of the incoming peptide segment as 

s compared to the solid phase-bound peptide, reactions can reach completion much faster. The excess peptide segment 
can readily be washed off the solid phase after the ligation reaction is complete. Increased yields of final product can 
be accomplished by increasing concentrations of peptide segments. For example, the solid phase-bound polypeptide 
can be dried out on the solid-phase and ressolvated in ligation solution. Alternatively, the solid phase-bound peptide 
can be washed with a solution of incoming peptide segments at high concentration. 

w [001 6] Other advantages of the present invention are that it allows for synthesis of much larger peptides and proteins 
than are presently attainable by conventional methods, it is amenable to automation, and the use of high resin loadings 
allowfor easy scale up. Moreover, ligation in the N- to C-terminal direction permits the use of crude peptide segments 
without need for purification or lyophilization, since termination products formed during stepwise solid phase synthesis 
of the peptide segments will be unreactive with the solid phase-bound peptide. 

15 [0017] tn one embodiment, the invention comprises a method of producing an assembled peptide having a native 
peptide backbone by ligating peptide segments in the N- to C-terminal direction, comprising: a) covalently binding an 
unprotected first peptide segment to a solid phase via a linker comprising a cleavable moiety, wherein said cleavable 
moiety is stable under ligation conditions and said unprotected first peptide segment is bound to said cleavable moiety 
at its N-terminus and has an a-thioester at its C-terminus; b) optionally introducing a second unprotected peptide 

20 segment, wherein said second segment comprises a cysteine residue at jts N-terminus and a thioacid at its C-terminus, 
under conditions suitable to permit ligation between said first unprotected peptide segment and said second unpro- 
tected peptide segment to form a natively li gated peptide bound to said solid phase, wherein said solid phase-bound 
peptide comprises a thioacid at its C-terminus, and subsequently converting said solid phase-bound peptide thioacid 
to a thioester; (c) optionally repeating step (b) with additional unprotected peptide segments; (d) introducing a final 

25 unprotected peptide segment, comprising a cysteine residue at its N-terminus, under conditions suitable to permit 
ligation between said solid phase-bound peptide and said final unprotected peptide segment. In a preferred embodi- 
ment, the cleavable moiety is cleaved to release the solid phase-bound peptide in the form of the assembled peptide. 
In another preferred embodiment, cleavable moiety is a cleavable linker capable of being cleaved for purposes of 
monitoring the sequential ligation reactions. In another embodiment, the first unprotected peptide segment is added 

30 as a peptide-aCOSH thioacid and subsequently converted to a thioester. 

[0018] The sequential ligation in the N- to C-terminus direction is a surprisingly effective arid elegant means of ob- 
taining chemoselective ligation of unprotected peptide segments without racemization. Before the present invention, 
sequential ligations were not conducted in the N- to C-terminal direction due to concerns regarding racemization at 
the ocCOX at the C-termihus of the peptide (peptide-ccCOX). Using the present invention, the aCOSH at the C-terminus 

35 of the peptide segment is mildly activated to a thioester and the ligating reaction is carried out in the absence of base, 
in an aqueous buffered solution, resulting in mild conditions that do not generate racemic mixtures. 
[0019] The methods of the invention can be used for native chemical ligation of peptide segments produced by 
stepwise solid phase synthesis. The last peptide segment to be added at the C-terminal end of the last solid phase- 
bound peptide in the reaction scheme may be a recombinantly expressed peptide having an N -terminal Cysteine res- 

40 jdue (Cys-recombinant peptide). The thioacid moiety, which is activated to a thioester moiety, can be placed anywhere 
a native chemical ligation is desired, including on a side chain. Thus, the sequential ligations of the invention are not 
limited to linearly assembled peptides. 

[0020] In another embodiment, there is the use of unprotected peptide segment middle pieces each having an N- 
terminal cysteine residue that participate in native chemical ligation, 

45 [0021] In another embodiment, the invention comprises a method of producing an assembled peptide having a native 
peptide backbone by ligating peptide segments in the C- to N-terminai direction, comprising: a) covalently binding an 
unprotected first peptide segment to a solid phase via a cleavable handle comprising a cleavable moiety, wherein said 
cleavable moiety is stable under ligation conditions and said unprotected first peptide segment is bound to said cleav- 
able moiety at its C-terminus and has a Cysteine at its N-terminus; b) introducing a second peptide segment, wherein 

50 said second segment comprises a cysteine residue at its N-terminus and an alpha-thioester at its C-terminus, and 
wherein said second peptide segment has a protecting group bound to its N-terminal cysteine residue, under conditions 
suitable to permit ligation between said first peptide segment and said second N-terminal ly protected peptide segment 
to form a natively ligated peptide bound to said solid phase, wherein said solid phase-bound peptide comprises a 
protecting group bound to an N-terminal cysteine; c) removing said protecting group from solid phase-bound peptide; 

55 (d) optionally repeating steps b) and c) with additional peptide segments comprising an N-terminal Cysteine and a C- 
terminal alpha thioester, wherein said additional peptide segments have a protecting group bound to their N-terminal 
cysteine residue (e) introducing a final peptide segment, comprising an alpha-thioester at its C-terminus, providing that 
if said final peptide segment comprises an N-terminal Cysteine, said N-terminal Cysteine is protected by a protecting 
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group, wherein said introducing occurs under conditions suitable to permit ligation between said solid phase-bound 
peptide and said final peptide segment; and (e) optionally removing said protecting group from the N-terminar cysteine 
of said solid phase-bound peptide. 

[0022] In another embodiment, the invention comprises a method of producing an assembled peptide having a native 
peptide backbone by ligating peptide segments in the C- to N-terminal direction, comprising: a) covaiently binding an 
unprotected first peptide segment to a solid phase via a cleavable handle comprising a cleavable moiety, wherein said 
cleavable moiety is stable under ligation conditions and said unprotected first peptide segment is bound to said cleav- 
able moiety at its C-terminus and has a Cysteine at its N-terminus; b) optionally introducing a second peptide segment, 
wherein said second segment comprises a cysteine residue at its N-terminus and an alpha-thio ester at its C-terminus, 
and wherein said second peptide segment has a protecting group bound to its N-terminal cysteine residue, under 
conditions suitable to permit ligation between said first peptide segment and said second N -terminally protected peptide 
segment to form a natively I i gated peptide bound to said solid phase, wherein said solid phase-bound peptide comprises 
a protecting group bound to an N-terminal cysteine, and subsequently removing said protecting group from solid phase- 
bound peptide; (c) optionally repeating step (b) with additional peptide segments comprising an N-tenninal Cysteine 
and a C-terminal alpha thioester, wherein said additional peptide segments have a protecting group bound to their N- 
terminal cysteine residue; (d) introducing a final peptide segment, comprising an alpha-thioester at its C-terminus, 
providing that if said final peptide segment comprises an N-terminal Cysteine, said N-terminal Cysteine is protected 
by a protecting group, wherein said introducing occurs under conditions suitable to permit ligation between said solid 
phase-bound peptide and said final peptide segment; and (e) optionally removing said protecting group from the N- 
terminal cysteine of said solid phase-bound peptide. 

[0023] In yet another embodiment, there is the solid phase sequential ligation of peptide segments in either or both 
directions, using a cleavable linker to monitor the ligation reactions via mass spectrometry and to purify the assembled 
peptide from the solid phase. 

[0024] Another embodiment is a method of bidirectional solid phase native chemical ligation, comprising providing 
a first peptide segment bound to a solid support via one of its internal amino acid residues, wherein said first peptide 
segment comprises an N-terminal Cysteine and a C-terminal thioester, and ligating a second peptide segment to either 
terminus. 

[0025] In another embodiment, there is provided a kit comprising an unprotected peptide segment, covaiently bound 
via an internal amino acid side chain functional group to a cleavable handle, wherein said cleavable handle is linked 
to a solid phase via a chemoselective functional group complementary to a chemoselective functional group on the 
solid phase. Said kit can be used for solid phase chemical ligation of unprotected or N-terminal cysteine-protected 
peptide segments to the solid phase-bound peptide. A preferred example of such a cleavable handle is a f unctionalized 
cleavable handle, X-aminoethylsu If onylethyloxycarbonyl (wherein X=CH3COCH2CH2CH2CONHCH2-MSC- or X= 
AOA-NHCH2-MSC-; (AOA = aminooxyacetal). 

[0026] In another embodiment, there are methods of using bromoacetic acid or iodoacetic acid to convert a peptide 
segment thioacid (peptide-aCOSH) to a thioester (peptide-aGOSR), on a solid phase. 

[0027] In yet another embodiment, there is provided a method of monitoring the solid phase sequential ligation proc- 
ess on the solid phase via MALDI or ESI mass spectrometry, using cleavable linkers. Monitoring via ESI MS can also 
be accomplished using a TFA-cleavable linker or, when MALDI is the mass spectrometric method used, a photocleav- 
able linker may preferably be used. 

[0028] In a further embodiment, there are provided novel methods of preparing modular large peptide or protein 
libraries using combinations of the aspects of the invention described herein. Particularly useful are the methods of 
solid phase sequential ligation of peptide segments to rapidly synthesize multiple analogs of known proteins or polypep- 
tides. 

[0029] ; Kits and apparatus for assembling polypeptides and polypeptide libraries by the processes described herein 
are also provided. 

[0030] One of skill in the art will readily appreciate that each of the embodiments of the invention can be combined 
with other embodiments to obtain a wide range of useful inventions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] 

FIG. 1 is a schematic diagram of a solid phase native chemical ligation scheme, in the N- to C-terminus direction. 
In one embodiment, the linker is an MSC handle, which is cleavable yet stable under ligation conditions. In another 
embodiment, the unprotected first peptide segment is covaiently bound to a solid phase (resin) via an aminooxy- 
ketone linkage. 

FIG. 2A illustrates the stability of a 13-residue peptide-oc-COSH with a Cysteine residue at the N-terminus under 
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ligation conditions. The HPLC chromatogram shows that only a small percentage of the peptide cyclized or formed 
larger aggregates, even after overnight storage under ligation conditions. 

FIG. 2B illustrates the stability of the same 13-residue peptide-ctCOSH in the presence of a thioester peptide 
having a molecular weight of 1230.2. The HPLC chromatogram shows that the Cys-a-COSH peptide is adequately 

5 stable to use in ligation without significant reaction with itself. Furthermore, such byproducts as are formed in small 

proportion by reaction of the 13-residue peptide-ocCOSH (having an N -terminal cysteine) with itself are un reactive 
with a resin-bound peptide oc-COSR and are readily removed by simple filtration and washing. 
FIG. 3A, 3B and 3C show HPLC chromatograms of the effect of hydrazine on the removal of the MSC handle from 
a peptide having an N-terminal Cysteine residue. The peak correlating with the mass of 1708.2 represents the 

10 desired peptide with the MSC handle removed. The peak corresponding to the mass of 181 4.5 represents a reactive 

side product formed upon cleavage that can react with the desired peptide without the MSC handle. FIG. 3A shows 
a fairly large peak at the 1 81 4.5 mw when an aliquot of the peptide was placed in 6M guanidine- HCI, 0.1 M NaPi^ 
pH 7.5, then diluted into 1 N NaOH for 2 min., then quenched with 1 N HCI. FIG. 3B is an HPLC chromatogram 
of the resulting product when the conditions of FIG. 3A are repeated with the inclusion of 50 mM hydrazine in the 

15 6 M guanidine* HCI solution. FIG. 3C is an HPLC chromatogram of the resulting product when the conditions of 

FIG. 3A are repeated with 200 mM hydrazine in the 6 M guanidine* HCI solution. Hydrazine scavenges the side 
product, resulting in a purer product. 

FIG. 4 is an HPLC chromatogram of the removal of a cleavable MSC handle from a peptide that does not have 
an N-terminal Cysteine residue, but rather an N-terminal Leucine residue and a Cysteine residue in its approximate 

20 center. The molecular weight of the peptide with the MSC handle is 4022.4 and without the MSC handle, 3745.1. 

An aliquot of the peptide in 6M guanidine* HCI, 0.1 M NaAc, pH 4.6 was diluted into 6M guanidine* HCI, 0.1 M 
NaAc, pH 14 for 2 min., quenched with 6M guanidine* HCI, 0.1 M NaAc, pH 2.0. The HPLC shows that an internal 
reaction with the side product stjll occurs, to form the peak having a mw of 3979. 7 (corresponding to the modification 
by the LEV-NHCH 2 - handle), but that the extent of the reaction is less than that occurring with a peptide having 

25 : ■■ an N-terminal Cysteine. 

FIG. 5A is a reaction scheme showing the preparation of the PEGA resin used as the solid support in N- to C- 
terminal sequential ligations. Steps A and B1 are optional steps to produce a phototabile linker for use with MALDI 
analysis of the resin samples. 

FIG. 5B is a diagram illustrating a generalized scheme for preparing a solid phase (resin) for use in the solid phase 
30 sequential ligations of the invention. Structure 1 is a cleavable linker useful for monitoring the progress of coupling 

and ligation reactions by mass spectrometry. For example, a photo-cleavable linker can be used for on- resin mon- 
itoring by MALDI MS, whereas a TFA cleavable linker can be used for monitoring by electrospray MS. Once struc- 
ture 1 is coupled to the resin, the protecting group (PG) is removed and a functional moiety (structure 3) capable 
of chemoselective reaction with the first peptide segment, is added to the resin. Once 3 is coupled to the resin, 
35 the protecting group is removed to give structure 4, which is ready for chemoselective reaction with structure 5, a 

peptide modified with a cleavable handle and a functional group capable of reaction with the now modified resin 
(4). Once all subsequent ligtions are complete, the "cleavable handle" is cleaved to release the full length peptide 
(assembled peptide) from the solid phase. 

FIG. 6 is a reaction scheme illustrating the derivatization of Peptide Segment 1 (the N-terminal peptide segment). 

40 FIG. 7A and 7B are HPLC chromatograms of the coupling of a first unprotected peptide segment (1) to the solid 

support, in this example, an AOA-functionalized resin (PEGA). FIG. 7A is an HPLC of the peptide solution as added 
to the resin. FIG 7B is an HPLC of the supernatant after reaction of the peptide with a molar excess of the resin 
overnight. A significant amount of the peptide has been removed from the supernatant, indicating that it has been 
bound to the resin after the overnight reaction. 

45 FIG. 8A arid 8B are HPLC chromatograms of the same experiments reflected in FIG. 7A and 7B, except with Isco 

resin beads as the solid phase. 

FIG. 9A, 9B, and 9C are analyses of the products after step 1 of this figure, binding of the first unprotected peptide 
segment to the solid phase. FIG. 9A Is an analytical HPLC chromatogram of the (base plus hydrazine) cleavage 
of the resin-bound peptide. FIG. 9B is a MALDI mass spectrum of the resin, showing a peak corresponding to(1), 

so the resjn-bound peptide. FIG. 9C is a MALDI mass spectrum after base cleavage of the linker, showing the lack 

of a peak corresponding to (1), and showing that no peptide is sticking to the solid phase (resin). 
FIG. 10A, 10B, and 10C are analyses of the products after step 3 of this figure, i.e., ligating of the second unpro- 
tected peptide segment (2) to the resin-bound peptide (1 ). FIG. 10A is an analytical HPLC of the product, resin- 
bound peptide intermediate, showing a large peak with mass of (1) + (2). FIG. 1 0B Is a MALDI mass spectrum of 

55 the resin before cleavage of the linker, and FiG. 10C is a MALDI mass spectrum of the resin after base cleavage 

of the linker. 

FIG. 11 is an HPLCchromatograph of the desalted, lyophilized peptide product (1+2+3 of Table 1) after 2 sequential 
ligations on a solid phase (Isco resin) in the N- to C-terminal direction. The tallest peak corresponds to the crude, 
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lyophilized product, indicating approximately 36% yield. 

FIG. 12A and 12B are ESI MS (electrospray ionization mass spectra) of the main peak corresponding to the 
assembled peptide (1 +2+3 of Table 1). FIG. 12B is a reconstructed display of the mass spectrum of FIG. 12A, 
showing the mass of the product I igated peptide. 
s FIG. 13 is an HPLC chromatogram of the desalted, lyophilized peptide (1+2+3) after base cleavage of the linker 

to remove the assembled peptide from the solid phase (PEGA resin). 

FIG. 14A and 14B are electrospray ionization mass spectra of the 7434 mass peak, wherein FIG. 14B is a recon- 
struction of the mass spectrum of FIG. 14A. 

FIG. 15A, 15B and 15C are 3 HPLC chromatograms illustrating that the solid support technique can be used for 
10 both purification and ligation. Figs. 15A and 15B show solution processing of a crude peptide before and after 

removal of DNP groups, respectively. Both HPLCs show a crude mixture of peptides. Fig. 15C is an HPLC chro- 
matogram of the same peptide solution shown in FIG. 15A, after coupling to a solid support, removal of DN P groups 
and base cleavage from the solid phase, resulting in a significantly purer assembled peptide product. 
FIG. 16A and 16B illustrate the reaction scheme for synthesis of .Ml F( 1-1 .15) via solid phase sequential native 
is ligations in the N-term in al to C-term in al direction. 

FIG. 17A is a reaction scheme for the modification of the N-terminal peptide segment. FIG. 17B is a diagram 
illustrating the modification of the aqueous-compatible solid phase in preparation for coupling the first unprotected 
' peptide segment. 

FIG. 18A is a reaction scheme for the coupling of N-terminal modified MIF(1 -59) to a solid phase. FIG. 18Btsan 
20 HPLC chromatogram of the released peptide after base cleavage, having an expected mass of 6271 Da. FIG. 18C 

and 18D are electrospray mass spectra of the main component of the released peptide after cleavage of the 

cleavable handle. FIG. 18D is a reconstruction of FIG. 18C. 
: FIG. 19A is a diagram of the ligation step to form resin-bound MIF(1-80). FIG. 19B is an HPLC chromatogram of 

the products after cleavage of the cleavable handle. FIG. 19C and 19D are mass spectra of the main components 
25 of the released peptide after base cleavage, having an expected mass of 8502 Da. FIG. 19D is a reconstructed 

display of the mass spectrum of FIG. 19C. 
: FIG. 20A is a diagram of the ligation step to form resin-bound Ml F(1 -115). FIG. 20B is an HPLC chromatogram of 

the products after cleavage of the cleavable handle. FIG. 20C and FIG 20D are mass spectra of the released 

products after base cleavage, having an expected mass of 12450 Da. 
30 FIG. 21 is a schematic diagram of solid phase ligations in the C- to N-terminus direction. The "resin" represents a 

solid phase. The triangle and its sideways M-shaped partner are complementary functional groups that chemose- 

lectively form a covalent bond. The "handle" is a cleavable handle that can be cleaved to remove the assembled 

peptide product from the solid phase. The undulating lines comprise amino acid residues of peptide segments. 

The "PG" represents a protecting group, which can be placed either on a side chain thiol or on the a-amino group 
35 of the N-terminal cysteine. Steps 2 and 3 can be repeated, as indicated by the arrow marked 4, for additional 

peptide segments. Also; a cleavable linker for purposes of monitoring the coupling and ligating reactions can be 

added between the "handle" and the "resin." 

FIG. 22 is a reaction scheme for solid phase sequential ligation in the G- to N-terminal direction of PLA2G5, 
FIG. 23 is a reaction scheme for synthesizing a Cam ester derivative for solid phase sequential ligation in the C- 

40 to N-terminal direction. 

FIG. 24 is a reaction scheme for synthesizing the C-terminal peptide segment for solid phase sequential ligation 
in the C- to N-terminal direction. 
: FIG. 25A, B, and C is a diagram of a scheme for synthesizing an assembled polypeptide via bidirectional solid 
phase sequential ligation of two or more peptide segments. 

45 FIG 26 A and B are HPLC chromatographs following the solid phase solid phase native chemical ligation of 3 

peptide segments in the N- to C- terminal direction, resulting in the assembled peptide, C5a 1-74. 
FIG. 27 is a reaction scheme for synthesis of a C-terminal peptide segment for use in the solid phase native 
chemical ligations described herein, using a CAM ester cleavable handle to remove the synthesized peptide seg- 
ment from the solid phase. 

50 FIG. 28A and B are HPLC chromatographs and reconstructed ESI MS of the assembled peptide resulting from 

solid phase sequential ligation of 3 peptide segments: peptide segment 1 (SEQ ID NO: 2) (CAD RKN I LA), peptide 
segment 2 (SEQ ID NO: 3)(CYGRLEEKG) and peptide segment 3 (SEQ ID NO: 4) (ALTKYG FYG) on solid phase 
in the C- to N-terminal direction, using Fmoc protecting groups. 

FIG. 29 A and B are an HPLC chromatograph and ESI MS, respectively, of the final ligation product, i.e. the first 
55 ligation product ligated to the third peptide segment (ALTKYGFYG), resulting from solid phase sequential ligation 

of 3 peptide segments in the C- to N-terminal direction, using ACM as the protecting group. 
F|G. 30 A- H are HPLC chromatographs and reconstructed ESI MS of the steps of synthesizing Phospholipase A2 
. . Group 5, a 118 residue protein, using solid phase sequential native chemical ligation of four peptide segments in 
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the C- to N-terminal direction. The first peptide segment is PLA2G5 88-1 1 8; the second is PLA2G5 59-87, the third 
is PLA2G5 26-58, and the fourth is PLA2G5 1-25. FIG 32A and B are an HPLC chromatograph and reconstructed 
ESI MS of the first peptide segment, respectively. FIG 32C and D are an HPLC chromatograph and reconstructed 
ESI MS, respectively, of the ligation product of the first and second peptide segments (PLA2G5 59-1 1 8) . FIG 32E 
5 and F are an an HPLC chromatograph and reconstructed ESI MS, respectively, of PLA2G5 26-118, the ligation 

product of PLA2G5 59-118 and PLA2G5 26-58 (the third peptide segment). FIG 32G and H are HPLC chromato- 
graph and reconstructed ESI MS, respectively, of PLA2G5 1-118, the assembled polypeptide. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

w 

Terminology 

[0032] Amino acids; Amino acids include the 20 genetically coded amino acids, rare or unusual amino acids that are 
found in nature, and any of the non-naturally occurring and modified amino acids. 
15 [0033] Aqueous solution: solutions containing water, including up to 8M urea in water, up to 6M guanidine* HCI in 
water, up to 60% acetonitrite in water. 

[0034] Assembled Peptide: the final product of a solid phase sequential or bidirectional ligation, after cleavage of 
the cleavable handle. The assembled peptide comprises at least two separate peptide segments sequentially I i gated 
on a solid phase. The assembled peptide may or may not have biological activity. 

20 [0035] Cleavable Handle: A cleavable moiety that is capable of being selectively cleaved to release the assembled 
peptide from the solid phase. The cleavable handle must be capable of resisting cleavage under conditions suitable 
for coupling, activating, deprotecting, ligating, washing, and other steps involved in the formation of an assembled 
peptide. The cleavable handle must also be stable to conditions used to produce the first peptide segment that is 
capable of being bound to a solid phase, including, for example, stepwise solid phase peptide synthesis. The cleavable 

25 handle preferably is located directly adjacent to the first peptide segment such that upon cleavage of the cleavable 
handle, the desired assembled peptide is released from the solid phase. The cleavable handle may be selected from 
any of the variety of cleavable handles used by those in the field. See, e.g., L. Canne et al., Tetrahedron Letters, 38 
(19) :3361 -3364 (1997); Ball et at., J. Pept. Sci, 1:288-294(1995); Funakoshi et al, PNAS USA, 88:6981-6985 (1991); 
Funakoshietal., J. Chromatog. 638:21-27 (1995); Garcia-Echeverria etal., J. Chem. Soc, Chem. Commun., 779-780 

30 (1995). A preferred cleavable handle is Boc-HN-CH2-CH2-S02-CH2-CH2-0-CO-ONp (Boc-HNCH2-MSC- ) or afunc- 
tionalized cleavable handle, X-aminoethylsulfonylethyloxycarbonyl (wherein X=CH3COCH2CH2CH2CONHCH2- 
MSC- or X= AOA-NHCH2-MSC-). (AOA = aminooxyacetal). Another preferred cleavable handle is a CAM ester. See 
Ceccato, M.L etal., Tetrahedron Lett. 31:6189-6192 (1990). 

[0036] Cleavable Linker: A cleavable moiety that is capable of being selectively cleaved to monitor the solid phase 
35 sequential ligation using mass spectrometry of small samples of the reaction mixture at any point during the ligation 

procedure, i.e. after ligating of the second peptide segment, after ligating of the third peptide segment, and so forth. 

The cleavable linker must be stable under coupling and ligating conditions, deprotecting conditions (if needed), and 

washing conditions. Preferred cleavable linkers include photolabile linkers and TFA-labile linkers. 

[0037] Coupling: Chemoselective reactions involving covalent binding of a first peptide segment to a solid phase. 
40 [0038] Ligating: Chemoselective reactions involving covalent binding of a peptide segment to a solid phase-bound 

peptide. 

[0039] Linker: A covalent linkage linking various moieties. For example, a linker may link a first peptide segment and 
a solid support, and such a linker may optionally comprises any number .of moieties, including a cleavable handle, a 
cleavable linker, complementary functional groups capable of chemoselectively forming a covalent bond (e.g., amino- 

45 oxy and ketone to form an oxime). 

[0040] Peptide: A polymer of at least two monomers, wherein the monomers are amino acids, sometimes referred 
to as amino acid residues, which are joined together via an amide bond. For purposes of this invention, the terms 
"peptide," "polypeptide ,** and "protein," are largely interchangeable as all three types can be made via the methods 
described herein. Peptides are alternatively referred to as polypeptides. Amino acids include the L and D isoforms of 

50 chiral amino acids. 

[0041 ] Peptide segment: A peptide or polypeptide, having either a completely native amide backbone or an unnatural 
backbone or a mixture thereof, ranging in size from 2 to 1000 amino acid residues, preferably from 2-99 amino acid 
residues, more preferably from 1 0-60 amino acid residues, and most preferably from 20-40 amino acid residues. Each 
peptide segment can comprise native amide bonds or any of the known unnatural peptide backbones, or a mixture 
55 thereof/Each peptide segment can be prepared by any known synthetic methods, including solution synthesis, stepwise 
solid phase synthesis, segment condensation, and convergent condensation. The final peptide segment to be added 
to form the assembled peptide product can be recombinant^ expressed. 

[0042] Protecting Group: A chemical moiety capable of protecting a functional group from reacting with another 
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functional group, and removable without damage to the formed amino acid or peptide. 

[0043] Sequential ligation: ligating three or more peptide segments together in order from C-terminus to N-terminus 
or from the N-terminus to C-terminus, depending on the directionality chosen, to obtain an assembled peptide product. 
The directionality of the sequential ligations will always start from the solid phase-bound first peptide segment to the 

5 last peptide segment to be added to form the assembled peptide product. 

[0044] Solid Phase: A material having a surface and which is substantially insoluble when exposed to organic or 
aqueous solutions used for coupling, deprotecting, and cleavage reactions. Examples of solid phase materials include 
glass, polymers and resins, including polyacrylamide, PEG, polystyrene PEG-A, PEG-polystyrene, macroporous, PO- 
ROS™, cellulose, reconstituted cellulose (e.g. Perloza), nitrocellulose, nylon membranes, controlled-pore glass beads, 

10 acrylamide gels, polystyrene, activated dextran, agarose, polyethylene, functionalized plastics, glass, silicon, alumi- 
num, steel, iron, copper, nickel and gold. Such materials may be in the form of a plate, sheet, petri dish, beads, pellets, 
disks, or other convenient forms. Sheets of cellulose can be used as a solid phase in the present invention to accomplish 
spot ligation in a spatially addressable array. Many of the examples and embodiments described herein refer to resins, 
which are a type of solid phase, and one of ordinary skill in the art would understand that such examples are not meant 

is to be limited to resins, but to solid phases in general. The terms solid phase and solid support are used herein inter- 
changeably. 

[0045] Solid Phase-bound Peptide: a solid phase-bound peptide comprises at least one peptide segment bound to 
a solid phase via any variety of cleavable linkers, handles or moieties. A solid phase-bound peptide can Include any 
of the intermediate peptide products of the sequential ligation reactions, including the final solid-phase bound peptide 
20 produced after the final peptide segment is ligated to the penultimate solid phase-bound peptide. 

[0046] Thioacid: An ionizable thioacid moiety, represented by either -COSH or -COS', often referring to a peptide 
.thioacid, represented by "peptide cc-COSH" or "peptide a-COS'." 

[0047] Thipester: A moiety represented by -COSR, often connected to a peptide. For example, a peptide thioester 
may be represented as "peptide a-COSR M . The R group may be any number of groups, including 1-15 C functionalized 
: . alkyl, straight or branched, 1-15 C aromatic structures, 1 -4 amino acids or derivatives thereof, preferably wherein the 
R group is selected such that the pepti de-alp ha-CQSR is an activated thioester. In a preferred embodiment, R = -CH3-0, 
-0. The term "thioester" is commonly used,: but the true IUPAC term is "thioloester." See Matthys J. Janssen, supra 

I. SOLID PHASE SEQUENTIAL NATIVE LIGATION OF UNPROTECTED PEPTIDE SEGMENTS IN THEN- TO 
30 C-TERMINAL DIRECTION 

[0048] There have been few reports of proteins synthesized by sequential, multiple ligations of three or more unpro- 
tected peptide segments. Such sequential ligations of free peptide segments in solution consequently require a puri- 
fication (e.g. HPLC) after each ligation and typically require temporary protection of one of the functionalities of the 
35 middle segments; 

[0049] One aspect of the present invention is a solid phase sequential ligation technique which avoids the need for 
multiple purifications and the need to temporarily protect the middle peptide segments. This strategy employs (1) the 
modification of the N-terminal peptide segment with a cleavable handle functionalized with a group capable of chem- 
oselective reaction with the solid support and (2) sequential native chemical ligations of unprotected peptide segments 

40 in an N- to C-terminal direction. Native chemical ligation involves reaction of an unprotected peptide segment bearing 
a C-terminal ct-thioester with a second unprotected peptide segment containing an N-terminal Cysteine residue. Thiol 
exchange yields a thioester- linked intermediate which spontaneously rearranges to a native amide bond at the ligation 
site. We have determined that a peptide segment bearing an N-terminal Cysteine and a C-terminal thioacid is sufficiently 
stable under native ligation conditions that it requires no temporary protection of the C-terminal thioacid functionality. 

45 Accordingly, these peptide segments can be used as the middle segments in a sequential ligation scheme involving 
three or more peptide segments as shown in FIG. 1 . Once such a middle segment has ligated to the solid phase-bound 
thioester-containing peptide to generate a solid phase-bound peptide thioacid, the thioacid is easily converted to a 
thioester and can be reacted with the N-terminal Cysteine of the next peptide segment to be ligated. Alternatively, the 
incoming peptide segment may have an internal amino acid with a nonnatural side chain bearing amino and thiol 

50 moieties on adjacent c atoms, i.e. in a 1 ,2 relation to one another, and an unreactive, unprotected non-cysteine amino 
acid residue at its N-terminus, which would lead to a nonlinear assembled peptide. Multiple ligations of distinct peptide 
segments to form an assembled peptide bound to the solid phase are contemplated. Once all ligations are complete, 
the linker binding the solid phase-bound peptide to the solid phase is cleaved, releasing the assembled peptide, i.e., 
the full length peptide. This technique is applied to the total chemical synthesis of a random peptide of artificial sequence 

55 (table 1 in Examples Section), and human Macrophage Migration Inhibitory Factor (MIF), a 115 amino acid cytokine 
involved in immune system function. See FIG. 16-20. 
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A. Peptide Synthesis 

[0050] Peptide segments were synthesized in stepwise fashion by established machine-assisted solid-phase meth- 
ods on polystyrene resins using in situ neutral ization/HBTU activation protocols for Boc chemistry (L Canne et al., 
5 Tetrahedron Lett. 38:3361 -3364 (1 997)) on Boc-aminoacyt-OCH 2 -PAM resins, thioester-generating resins (Hojo, et al., 
Bull. Chem. Soc. Jpn, 64:111-117 (1991)), or thioacid-generating resins. After chain assembly was complete, peptides 
were deprotected and simultaneously cleaved from the resin by treatment with anhydrous HF containing 5% p-cresol, 
lyophjlized, and purified by preparative HPLC. The N-terminal peptide segment was modified prior to HF cleavage as 
outlined in FIG. 17A. 

w 

B. Preparation of the Solid Phase 

[0051] The solid phase is prepared as depicted in FIG. 5 A and 5B. FIG. 5A is a scheme for preparing P EGA resin 
as a solid support. FIG. 5B is a generalized diagram for the preparation of any solid phase. An amino-Spherilose™ 
* 5 (Isco) affinity resin was derivatized with Boc-aminooxyacetic acid as shown in FIQ. 17B. 

[0052] Other resins to be used as the solid phase include EAH Sepharose (Pharmacia), Amino PEG A (Novabio- 
chem), CLEAR base resin (Peptides International), long chain alkylamine controlled pore glass (Sigma), HCkPEG 
polystyrene (PerSeptive Biosystems), Lysine Hyper D resin (Biosepra), ArgoGel Base resin (Argonaut Technologies). 
These resins are available in amino-derivatized form or are readily converted to amino-derivatized form. 

20 

C. Coupling of Modified N-terminal Peptide Segment to Solid Phase. 

[0053] The modified peptide, containing a ketone moiety, as depicted in FIG. 1 7A, is dissolved in 6M guanidineHHCI, 
0.1 M Na acetate, 0.15M methionine, pH 4.6 (1 .6mM) and added to the aminooxy functionalized solid support, which 
25 had previously been thoroughly washed in the same buffer, and allowed to react at room temperature overnight (FIG. 
16A,Step #1). 

II. LIGATION IN THE N- TO C-TERMINAL DIRECTION 

30 [0054] A. Ligation Reactions. The peptide segment to be ligated to the resin-bound peptide thioester was dissolved 
in 6M guanidine» HCI, 0.1 M Na acetate, 0.15M methionine, 0.6% thiophenol, pH 7.5 (3.7-4. OmM) and added to the 
resin bound peptide thioester, which was thoroughly washed in the same buffer, and allowed to react at room temper- 
ature overnight (FIG. 16A and 16B, Steps #2 and 4). Preferably the concentration of the first peptide segment can 
range from 1 to 1 50 mM; more preferably from 5-100 mM, most preferably from 10-50 mM, depending on the particular 

35 peptide segment. 

[0055] One of skill in the art will understand that concentrations of the first peptide segment and the second and 
other incoming peptide segments can be optimized using routine experimentation. Concentrations: of the second and 
additional incoming peptide segments can range from 1 -200 mM, more preferably from 5-100 mM, and most preferably 
from 10-59 mM, depending on the particular peptide segment. 
40 [0056] Excess first peptide segment and/or excess incoming peptide segments can be readily removed from the 
solid phase bound peptide by filtration and washing. 

B. Conversion of Thioacid to Thioester using Bromoacetic Acid or lodoacetjc Acid. 

45 [0057] The use of Bromoacetic acid or lodoacetic acid is an improved method of generating peptide-aCOSR 
thioesters from peptide-aCOSH thioacids. In order to insure solubility of long unprotected peptides, 6 M guanidihe-HCL 
at near pH 4 is used. Reactions is carried out near pH 4. Under such conditions, the only group reactive with Bromoacetic 
acid or lodoacetic acid is the thioacid. Benzyl bromide, a hydrophobic compound, does not dissolve completely in 
solution, resulting in slow and heterogeneous reactions. The advantages of using bromoacetic acid or iodoacetic acid 

50 are that both are readily soluble in 6 M guanidine-HCL (an aqueous solution) at near pH 4, both result in quick completion 
of the desired reaction, both elute in the void volume of typical reverse-phase HPLC, and allow processing of large 
amounts of peptide segments. 

[0058] The resin-bound peptide thioacid is thoroughly washed in 6M guanidine» HCI, 0.1 M Na acetate, 0.1 5M me- 
thionine, pH 4.6 and treated with a 50mM solution of bromoacetic acid in the same buffer for 15 min, followed by 
55 thorough washing with the pH 4.6 buffer (FIG. 16B, Step #3). 
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C. Cleavage from the Solid Phase. 

[0059] Cleavable handles useful in the ligations in the N- to C-terminal direction must be capable of being stable to 
ligation conditions, stable to stepwise solid phase chemistries, able to be covalently linked in unprotected form to the 

5 solid phase, and be cleavable without damaging the assembled polypeptide. Any cleavable handles satisfying these 
requirements can be used, including, but not limited to: MSG handle, photolabile linkers, CAM esters (-OCHCONH-), 
( -O-CH2-0-SO-CH2-CO- ), (-O-CRH-CO-0-O-CH2-CO-). For example, ( -O-CH2-0-SO-CH2-CO- ) may be used as 
a handle cleavable under any of the following conditions: (1) HF, DMS; (2) SciC14, TFA; or red of Sulfoxide and TFA 
cleavage; (3) NaOH, water; or (4) red of sulfoxide and TBAF in DM F See Sam amen, J. M., J. Org. Chem. 53:561 

10 (1 988). As another example, the (-O-CRH-CO-0-O-CH2-CO- ) may be used as a cleavable handle under any of the 
following conditions: (1)NaOH, water(CAM Linker); (2)ZnCH3COOH/Water; (3) photolysis. SeeTjoengetal., Synthesis 
897 (1981); Sheehan et al., J. Org. Chem. 38:3771 (1 973); Serebryakov et al., Tetrahedron 34:345 (1 978); Hendrickson 
et al., Tetrahedron Lett. 343 (1970); Ceccato, M,L. et al., Tetrahedron Lett. 31:6189-6192 (1990); J. Martinez et al., 
Tetrahedron Lett. 41 :739 (1985). One of skill in the art will readily appreciate the suitability of known cleavable handles 
for the purposes described herein. 

[0060] The following conditions can be used for cleavage of the linker to release the assembled polypeptide from 
the solid phase, particularly when an MSC handle is used. Aliquots of resin-bound peptide are treated with 6M guani- 
dme» HCI, 0.1 M Na acetate, 0.15 M methionine, containing 200 mM hydrazine, at pH -14 for 2 min, followed by washing 
with an equal amount of 6M guanidine* HCI, 0.1M Na acetate, 0.1 5M methionine, pH -2 and an equal amount of 6M 
20 -.; guanidine* HCI, 0.1M Na acetate, 0.15M methionine, pH 4.6. The combined eluants of free peptide are analyzed by 
analytical H PLC and electrospray mass spectrometry (FIG. 16B, Step #5). 

III. SOLID PHASE LIGATIONS IN THE C- TO N-TERMINAL DIRECTION. 

25 [0061] The discussion regarding N- to C-terminal ligations above applies equally well to C- to N-terminal ligations, 
except, as shown in FIG. 23, that: (1) the first peptide segment is bound to the solid phase via its C-terminus, i.e. the 
C-terminal peptide segment of the resulting assembled polypeptide is the one modified with a cleavable handle and 
(2) the incoming (i.e. second, third, additional) peptide segments do require temporary protection of their N-terminal 
Cysteine (see steps 2-4). Optionally, all Cysteine residues of the incoming or middle peptide segments can be tempo- 

30 rarily protected along with the N-terminal Cysteine. 

: [0062] As outlined in the scheme (FIG. 23), the C-terminal peptide segment bearing a cleavable handle is coupled 
to the solid support by reaction with a corresponding functional group on the solid support (e.g. resin), for example, 
through an oxime linkage (aminooxyacetyl group on the resin and a ketone [via levulinic acid] on the peptide), or the 
; reverse (aminooxyacetyl group on the peptide and a ketone on the solid phase). 

35 [0063] Once the first peptide segment is bound to the solid phase as shown in step 1 of FIG. 21, the incoming 
(second) peptide segment, comprising an N-terminal protected Cys (PG-Cys) and a C-terminal thioester, reacts with 
the N -terminal unprotected Cys of the resin-bound first peptide segment through the native chemical ligation reaction. 
After ligation is complete, the protecting group of the N-terminal Cys is removed (step 3 of FIG. 21), and the next 
peptide segment is added (step 4/2 of FIG. 21). Once all ligations are complete (step 5 of FIG. 21), the handle attaching 

40 the sequentially ligated peptide to the resin is cleaved, releasing the full length peptide. This C-toN -terminal technique 
is applied to the total chemical synthesis of a random peptide of artifical sequence and to human secretory phosphol- 

: ipase A2, group 5 ("PLA2G5"), a 118 amino acid enzyme, as described below. 

A. Peptide Synthesis 

45 

[0064] Peptide synthesis for solid phase sequential native chemical ligation in the C- to N-terminal direction is es- 
: sentially the same as described above for solid phase sequential native chemical ligation in the N- to C-terminal direc- 
tion. 

[0065] See Example 7 below for details re stepwise solid phase peptide synthesis of the peptide segments. 

50 " 

B. Preparation of the Solid Phase 

[0066] Preparation of the solid phase for the C-to N-terminal direction is identical to that described for the N- to C- 
terminal direction. 

55 

C. Coupling of the Modified C-Terminal Peptide Segment to Solid Phase 

[0067] Conditions for coupling the modified C-terminal peptide segment to the solid support can be identical to that 
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outlined for coupling of the modified N-terminal peptide in the N- to C-terminal ligations as described above. 

D. Ligation in the C- to N-terminal Direction 

5 [0068] Conditions for the native chemical ligation reactions in the C- to N-terminal direction can be identical to that 
outlined for N- to C-terminal ligations as described above, except that the N-terminat cysteine containing peptide seg- 
ment is solid phase bound and the incoming thioester containing peptide segment is in solution. 

E. Cysteine Protecting Groups and Removal 

10 

[0069] Any of the known protecting groups suitable for protecting the N-terminal Cys of a peptide segment can be 
used, provided that they are stable to ligation conditions, stable to conditions for adding the linker, and removable from 
the peptide segment under conditions that are not harmful to the solid-phase bound peptide, the linker, the resin, or 
the cleavable handle, if used. The protecting groups must also be stable to stepwise solid phase peptide synthesis 

15\ conditions. An example of a protecting group is ACM (Acetamidomethyl), whichc provides cysteine side chain protection 
(-SCH2NHCOCH3), and can be cleaved with mercury(ll)acetate, or other suitable reagents. Fmoc 
(9Fluorenylmethylcarbamate) provides alpha amino protection, can be cleaved in 20% piperidine in DMF and works 
well with hydrophilic peptides. DNPE (2-(2 ( 4-dinitriphenyljethyl) provides cysteine side chain protection and cleaves 
in 50% piperidine in DMF. Para-nrtrobenzehsulfonyl provides alpha-amino protection, and is cleaved in 1 M DBU/1 M 

20 beta-mercaptoethanol in DMF. Additional cysteine protecting groups include, but are not limited to, Sulfmoc, NSC, Dde^ 
Boc-Cys(Acm)-OH, Fmoc-Cys-(Mob)-OH j Boc-Cys(Fm)-OH, and Boc-Cys(DNPE)-OH, wherein Acm=acetamidome- 
thyl, Mob = methoxybenzyl, Dnpe = 2-(2 f 4-dinitrophenyl)ethyl, Fm = 9-fluorenylmethyl. See Protective Groups inorganic 
Synthesis, Green, T.W. and Wuts, P.G.M. eds, (2d Ed. 1991), particularly p. 293-294,318-319; R. Merrifield, J. Org. 
r Chem. 43:4808-4816 (1978); V.V. Samukovetal., Tetrahedron Lett. 35:7821-7824 (1994); B.W. Bycroftet al:, J. Chem. 

25 Soc. Chem. Comm. 776-777 (1993); M. Royo et al., Tetrahedron Lett., 33:2391-2394 (1992); S.C. Miller, J. Am. Chem. 
Soc. 119:2301-2302 (1997). Certain protecting groups can make peptide segments insoluble. For example, certain 
hydrophobic peptide segments may become insoluble upon addition of a protecting group. One of ordinary skill in the 
art can readily ascertain the suitability of any particular protecting group for a peptide segment. 
[0070] Removal of Fmoc as a Cys Protecting Group. One embodiment involves removal of an Fmoc protecting 

30 group from the N-terminal Cys of a solid-phase bound peptide. After ligation with a peptide with an N-terminal Fmoc-Cys, 
the resin bound peptide is washed with 6 M guanidine-HCI, 0.1 M NaPi, 0.15 M methionine, pH 7, followed by water, 
followed by DMF. The resin is then treated with two aliquots of 20% piperidine in DMF, 5 minutes each. The resin is 
then washed thoroughly with DMF, followed by water, followed by 6 M guanidine»HCI, 0.1 M NaPi, 0 ; 1 5 M methionine, 
pH 7. 

35 [0071] Removal of ACM as a Cys Protecting Group. After ligation with a peptide with an N-terminal Cys(ACM), 
the resin bound peptide is washed with 6 M guanidine»HCI, 0.1 M NaPi, 0.15 M methionine, pH 7, followed by 3% 
aqueous acetic acid. The resin is then treated with a solution of mercury (I l)acetate in 3% aqueous acetic acid (1 5mgs/ 
ml) for 30 minutes, followed by washing with 3% aqueous acetic acid. The resin is then washed with 6 M guanidine*HCl. 
;' 0.1 M NaPi, 0-15 M methionine, pH 7, followed by treatment with 20% beta-mercaptoethanol in 6 M guanidine^HCI, 

40 o.1 M NaPi, 0.15 M methionine, pH 7 for 30 min. The resin is then washed with 6 M guanidine^HCI, 0.1 M NaPi, 0.15 
M methionine, pH 7. 

F. Cleavage from the Solid Phase 

45 [0072] Cleavable handles are used to cleave the solid-phase bound peptide from the solid phase for ligations in the 
N- to C-terminal direction, in the C- to N-terminal direction, and in the bidirectional approach (both N- to C-terminal 
ligation and C- to N-terminal ligation). For solid phase sequential native chemical ligations in the C- to N-terminal 
direction (and for bidirectional ligations using C- to N-terminal ligation), the requirements of cleavable handle are the 
same as for those useful in the N- to C-terminal direction, with the additional requirement that the. cleavable handle be 

so stable un der conditions used for removal of the protecting group from the N-terminal cysteine of the solid-phase bound 
peptide. 

[0073] Cleavage of a peptlde-C AM ester linkage to the solid phase. Aliquots of resin-bound peptide are washed 
with 8M urea, 0.1M NaPi, pH 7, followed by treatment for 2 minutes with 0.25N NaOH in the same 8M urea buffer 
(resulting pH~14). The resin is then washed with an equal amount of 0.25N HCI in the same 8M urea buffer (resulting 
55 pH-2), followed by thorough washing with the 8M urea buffer. The combined eluants of free peptide are analyzed by 
H PLC and electrospray mass spectrometry. 
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IV. BIDIRECTIONAL SOLID PHASE SEQUENTIAL NATIVE CHEMICAL LIGATION. 

[0074] Yet another embodiment of the invention relates to bidirectional solid phase protein synthesis that incorporates 
aspects of both the N- to C-terminus and C- to N-terminus sequential solid phase protein synthesis approaches. In the 

5 bidirectional approach, a peptide segment having either or both an N -terminal Cysteine and/or a C-terminal thioester 
is attached to a solid phase via a side chain of one of its amino acid residues. See FIG. 25A, B, C. The peptide segment 
can then be ligated at either terminus to a second peptide segment, followed by ligation at the other terminus to a third 
peptide segment. In this bidirectional approach, if the peptide segment attached to the solid phase has both a protected 
N-terminal Cysteine and a C-terminal thioester, second and third peptide segments can be added at both ends in 

10 subsequent ligations. Additional peptide segments can then be added at either end of the ligated, solid phase bound 
peptide. The ligations in either direction are accomplished using the methods described herein for ligations in either 
the C- to N-terminal direction or the N- to C-tenninal direction. 

[0075] Alternatively, the first peptide segment attached via one of its internal amino acid residues to the solid phase 
: can be used for only uni-directional ligations. For example, the peptide segment attached to the solid phase can be 

15 ligated to a second peptide segment at one terminus, followed by one or more ligations to additional peptide segments 
at the same terminus of the second peptide segment. In this embodiment, the peptide segment bound to the solid 
phase can be used for either sequential solid phase native chemical ligations in the C- to N-terminal direction or for 
sequential solid phase native chemical ligations in the N- to C-terminal direction. In this embodiment, the peptide 
segment bound to the solid phase can be bidirectionally capable (i.e. having both a protected N-terminal Cysteine and 

20 a C-terminal thioester) while being used for unidirectional sequential ligations (i.e. having either a protected N-terminal 
Cysteine or a C-tenninal thioester). • 

[0076] The first peptide segment is bound to the solid phase via a side chain of one of its amino acid residues, which 
is bound to a cleavable handle, which is bound to the solid phase via a functional chemical moiety that is capable of 
chemoselectively forming a covalent bond with a complementary functional chemical moiety on the solid phase, as 
25 illustrated in FIG. 25. 

[0077] For example, the first peptide segment can be bound to the solid phase via the side chains of a lysine, aspartic 
acid or glutamic acid, in which case a cleavable handle based on functionalities, such as allyloxycarbonyl (alloc) or 
Fmoc, i.e. cleavable under orthogonal conditions, may be used to connect the peptide segment to the solid phase via 
the side chain of its lysine, aspartic acid or glutamic acid. As another example, an oxime bond may be formed by the 
30 first peptide segment and the solid phase, wherein the first peptide segment comprises either an amino-oxy or ketone 
chemoselective functional group and the solid phase comprises a complementary chemoselective functional group, 
such as a ketone or amino-oxy, respectively. 

V. Use of Cleavable Linkers and Mass Spectrometry to Monitor Ligation Reactions 

' 35 

[0078] Various known cleavable linkers can be used to monitor the solid phase sequential ligations. These cleavable 
linkers are placed between the solid phase and the first peptide segment which is covalently bound to the cleavable 
handle, e.g. solid phase - cleavable linker-cleavable handle-peptide segment. The cleavable linkers are capable of 
being readily cleaved to permit mass spectrometric analysis of a small portion of solid phase-bound peptide to monitor 

40 the coupling and ligation reactions. 

[0079] For example, when the solid phase consists of resin beads, one can take a few resin beads from the reaction 
mixture after the coupling reaction or after each ligation reaction to determine the extent of reaction. Particularly pre- 
ferred cleavable linkers include photolabile cleavable linkers for MALDI mass spectrometry, including 3-nitro-4(meth- 
ylamino)benzoyk See FIG. 5A. A small aliquot of the reaction mixture is removed for MALDI MS analysis and dried 

45 on a slide in mixture with a matrix solution. The laser of the MALDI mass spectrometer cleaves the photolabile linker 
on the mass spectrometer's stage, permitting mass analysis of the released peptides. 
, [0080] Another preferred cleavable linker is one that is cieavable by TFA (trifluoroacetic acid), which is useful for 
electrospray ionization mass spectrometry With TFA-cleavable linkers, the peptides are cleaved from the solid phase 
priorto ESI MS. 

50 

EXAMPLES 

Example 1 : Preparation of the Solid Phase for N- to C-Termlnal Ligations 

55 [0081] The preparation of the solid phase is schematically diagrammed in FIG. 5. The solid phase is a resin, for 
example, Amino PEGA (0i2-0.4 mmol/g swelled in methanol) or an amino-Spherilose affinity resin (15-20 Tmol/ml, 
0.6r0.9 mmol/g dry resin), available from Pharmacia, NovaSyn or Isco. The resin (PEGA or Isco) is washed with DMF 
(dimethylformamide), then is washed briefly with 10% DIEA (diisopropyl ethylamine). Two 30 sec DMF flow washes 
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are used. A photocleavable linker (PCL) (See FIG. 5A) is activated with one equivalent of HBTU (2-(1 H-benzotriazol- 
1 -yl)-1 ,1 ,3,3-tetramethyl-uronium hexafluorophosphate) and DIE A in DMF for 5-1 0 min). This activated photocleavable 
linker is then added to the resin and is left standing at room temperature for ~3 hrs (ninhydrin can be used with Isco). 
Two 30 sec. DMF flow washes are used, followed by TFA (1 min x 2), and two more 30 sec. DMF flow washes. The 
5 remaining steps are in abbreviated form: 

- 10% DIEA (1 minx 2) 
DMF flow wash (30 sec x 2) 

addition of activated Boc-aminooxyacetic acid (activated with one equivalent DIC and N-hydroxysuccinimide in 
10 DMF for 30-60 min) 

- left standing at room temperature for ~1 hr (ninhydrin can be used with Isco) 

- DMF flow wash (30 sec x 2) [resin can be stored at this stage] 

- TFA (1 minx 30) 

- DMF flow wash (30 sec x 2) 
/5 : - 10% DIEA (1 inx2) 

- DMF flow wash (30 sec x 2) 

- thorough washing with aqueous buffer (6 M GuHCI, 0.1 M Na Acetate, pH 4.6) (1 mi x 5) 
Example 2: Preparation of the First Unprotected Peptide Segment for N- to C-terminal Ligations 

20 

[0082] The following procedures are used to prepare the first peptide segment (N -terminus), which is diagrammed 
in FIG. 6, 7A and 7B. 

[0083] The peptide-resin is swelled in DMF 

25 - ; TFA(1 minx 2) 

- DMF flow wash (30 sec x 2) 

- 10% DIEA (1 min x 2) 

- DMF flow wash (30 sec x 2) 

- Addition of MSC handle in DMF 

30 - leave standing at room temperature for 1 hr 

- add DIEA and leave standing for another hr 

- use ninhydrin test to verify adequate coupling 

- DMF flow wash (30 sec x 2) 

- TFA (1 minx 2) 

35 - DMF flow wash (30 sec x 2) 
, • 10% DIEA (1 minx 2) 

- DMF flow wash (30 sec x 2) 

- addition of activated leyulinic acid (activated as the symmetric anhydride with 0.5 equivalents of DIC in DCM for 
5-10 min) 

40 - leave standing at room temperature for 30 min 

- ninhydrin test to verify adequate ligating 

- DMF flow wash (30 sec x 2) 

- thorough washing with DCM 

- dry on lyophilizer 

45 HF cleavage at 0° C for 1 hr using p-cresol as a scavenger 

- trituration and washing with cold ethyl acetate 
dissolve in 50% B and lyophilize 

purify by preparative HPLC 

50 
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Table 1 



Solid Phase Sequential Ligations: N- to C-Terminal 

3-Random Peptide Segment Model System 



Iev-A^C-LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG-C05) (1) 

+ Resin-PCZ-CW/fc 

4> 1. pH 4.6, 6M GuHCl, 0.1 M acetate 

Resin-PCL-oxime-AiSC-LTEGLHGFHVHEFGDKTAGCTSAGPOT 

4 2. pH 4.6, 6M GuHCl, 0. 1 M acetate, 50 mM BrAcOH 

Resin-PCL^ime-WSC-LTEGLHGFHVHEFGDNTAGCTSA ( I) 

+ //-CGFRVREFGDNTA-COS) (2) 

4r 3. pH 7.5, 6M GuHCl. 0.1 M phosphate, 0.5% thiopheno! 

Resin-PCI-oxi'me-MSC^^ 

CGFRVREF-GDNTA-C0S) (1+2) 

>t 4. pH 4.6, 6M GuHCl, 0.1M acetate, 50mM BrAcOH 

CGFRVREF-GDNTA-C05^c(l+2) 
+ //-CADPSEEWVQKYVSDLELSA-O// (3) 

4 5. pH 7.5, 6M GuHCl, 0. 1M phosphate, 0.5% thiophenol 

Resin-^Ci-ox/we-WSC-LTEGLHGFHVHEFGDNTAGCTSAGPHFW 

CGFRVREF-GDNT ACADPSEEWVQKYVSDLELS A-OW ( 1 +2+3) 

^ 6. pH 14, 6M GuHCl, 0.1M phosphate, 200mM hydrazine 

//-LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHGCGFRVREF- 
GDNT AC ADPSEEWVQKYV SDLELS A-Otf ( 1 +2+3) 

PCL= photocleavable linker 



50 



55 



Example 3: Solid Phase Native Chemical Ligation of Random Peptide Segments In Aqueous Solution In the N- 
to C-terminus direction. 

[0084] The following procedures are used for solid phase ligations in the N- to C-terminus direction, as diagrammed 
in Table 1 . General principals of native chemical ligation are described in WO 96/34878, PCT/US95/05668, incorporated 
herein by reference. 

[0085] The resin is washed with 6 M guanidine»HCI,,0;i M Na Acetate, pH 4.6 (1 ml x 5) and drained. The modified 
N-terminal peptide segment is dissolved in 6 M guanidine»HCI, 0.1 M Na Acetate, pH 4.6 and added to resin and is 
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left standing at room temperature overnight. (The concentration of the first segment is at leasts mM). The next morning, 
resin is washed with 6 M guanidine»HCI, 0.1 M Na Acetate, pH 4.6 (1 ml x 5) and drained. A sample of resin is removed 
for MALDI MS analysis and is washed with 50%B, MeOH, DCM and dried. A sample of resin is removed for base 
cleavage and is treated with 200 Ol 6 M guanidine»HCI, 0.1 M Na Pi, 200mM hydrazine, pH -1 4 for 2 min and drained, 
resin is washed with 200 Ol 6 M guanidine»HCI,0.1 M Na acetate, 200mM hydrazine, pH -2 and with 200 <t>l 6 M 
guanidine»HCt, 0.1 M Na Acetate, pH 4.6 and the combined eluants treated with TCEP prior to injection on HPLG. 
[0086] In preparation for addition of the next peptide segment, the resin is washed with 6 M guanidine*HCI, 0.1 M 
Na Pi, pH 7.5 (1 ml x 5) and drained. The second peptide segment (Cys--COSH) is dissolved in 6 M guanidine»HCI, 
0.1 M Na Pi, pH 7.5, 0.5% thiophenol and added to resin. This mixture is left standing at room temperature overnight. 
The next morning, the resin is washed with 6 M guanidine»HCl, 0.1 M Na Acetate, pH 4.6 (1 mix 5) and drained. 
Samples of resin are removed for Matdi and base cleavage and treated as above 

[0087] The solid phase-bound peptide is then converted from COSH to COSAc by treating the resin with 50 mM 
BrAcOH in 6 M guanidine»HCI, 0.1 M Na Acetate, pH 4.6 for 15 min. 

[0088] The resin is washed with 6 M guanidine»HCI, 0.1 M Na Acetate, pH 4.6 (1 ml x 5) and drained. 
[0089] In preparation for addition of the next peptide segment, the resin is washed with 6 M guanidine*HCI, 0,1 M 
Na Pi. pH 7.5 ( 1 ml x 5) and drained. The final peptide segment is dissolved in 6 M guanidine»HCI, 0.1 M Na Pi, pH 
75, 0.5% thiophenol and added to resin. This reaction mixture js left standing at room temperature overnight. The next 
morning, the resin is washed with 6 M guanidine»HCI, 0.1 M Na Acetate, pH 4.6 (1 ml x 5) and drained. A sample of 
resin are removed for monitoring by MALDI MS analysis. 

[0090] The assembled peptide is removed from the solid phase via base cleavage of the cleavable handle from the 
remaining resin as outlined above only on a larger scale followed by purification by H PLC or desalting on PD-1 0 column 
and lyophilization. 

Example 4: Solid Phase Native Chemical Ligation of C5a(1-74) (74aa) in the N- to C-terminal Direction. 

[0091] This example describes solid phase sequential native chemical ligation in the N- to C-terminal direction of 
C5a, Complement Factor 5A. The sequence of C5a is: 



asqlranishkdmqlgr: 

[0092] This peptide is prepared using solid phase sequential native ligation of 3 peptide segments: C5a(1 -20), C5a 
(21-46), and C5a(47-74). The procedures used to synthesize C5a by solid phase ligations are identical to those de- 
scribed in the solid phase sequential native ligation of MIF (See Example 5). 

Example 5: Solid Phase Sequential Native Chemical Ligation of MIF(1-115) (115 aa) In the N-Terminal to 
C-Terminal Direction. 

[0093]; The sequence of MIF(I-115) is: MPMFIVNTNVPR.ASVPDGFLSELTQQLAQATGKPPQYIAVHVVPDQLMAF- 
GGSSEPC ALCSLHSIGKIGGAQNRSYSKLLCGLLAERLRISPDRWINYYDMNAASVGWNNSTF A. this peptide is 
prepared using solid phase sequential native ligation of 3 peptide segments: MIF(1-59) r MIF(60-80) and MlF(81 -115). 
See FIG. 16-20. 

[0094] Step #1: The first unprotected peptide segment; MIF(1-59) is coupled to a solid phase as depicted in FIG. 
18. The coupling conditions are 6M guariidine* HCI; 0.1 M NaAcetate, 0.1 5M Methionine, pH 4.6, 24 hours. 
[0095] The MSC handle used is: : 
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This cleavable handle is based on methylsulfonylethyloxycarbonyl (MSC) amine protecting group. It is easily added to 
unprotected amino terminus of peptide-resins, survives HF deprotection and cleavage from the resin, is quickly and 
cleanly cleaved by aqueous base, and is designed with a protected amine which can be derivatized with a variety of 
functionalities. 

5 [0096] Step #2: The second unprotected peptide segment (Cys60-MIF(61-80)-COSH) is then ligated to the solid 
phase-bound first unprotected peptide segment, under the conditions 6 M guanidine» HCI, 0.1 M NaPi, 0.5% thiophenol, 
0.15M Methionine, pH 7.5,24 hours. 

[0097] Step #3: The solid phase-bound peptide, MIF(1-80)-COSH, is then activated to the thioester under the fol- 
lowing conditions: 50 mM BrCH2COOH, 6M guanidine* HCI; 0.1 M NaAcetate, 0.1 5M Methionine, pH 4.6, 15 min. 

10 [0098] Step #4: The third unprotected peptide segment (Cys81 -MIF82-115-COOH) is ligated to the solid phase- 
: bound peptide with 6 M guanidine* HCI,. 0.1M NaPi, 0.5% thiophenol, 0.15M Methionine, pH 7.5, 24 hours. 
[0099] Step #5: The MIF(1 -11 5) bound to the solid phase is then cleaved from the solid support by base cleavage 
of the cleavable handle under the cleaving conditions: 6 M guanidine* HCI, 0.1 M NaAcetate, 0.1 5M Methionine, 200 
mM hydrazine, at pH-14 for 2 min., followed by 6 M guanidine* HCI, 0.1 M NaAcetate, 0.1 5M Methionine, 200 mM 

'5 hydrazine, at pH -2. The expected mass of the assembled peptide MIF( 1-115) released upon base cleavage is 12450 
Da. FIG. 20C and 20D are mass spectra of the assembled peptide having an expected mass of 12450. FIG 20D is a 
reconstruction of the mass spectrum of FIG 20C. FIG 20B Is an HPLC chromatogram of the assembled peptide. 

Example 6: Solid Phase Native Chemical Ligation of Phospholipase A2, group 5(1-118) (11 8aa) in the C- to N- 
20 terminal Direction. 

[0100] The sequence of Phospholipase A2, group 5 (PLA2G5) is: 

25 GLLDLKSMIEKVTGKNA1-TNYGFYGCYCGWGGRGTPKDGTD 
EEKGCWRTQSYKYRFAWGVVTCE^ 
YFPNILCS. 

30 ■ 



This peptide is prepared using solid phase sequential native ligation of 4 peptide segments: PLA2G5 (1 -25), PLA2GS 
(26-58) f P LA2G5 (59-87) and PLA2G5 (88-1 1 8). The procedures used to synthesize PLA2G5 by solid phase ligations 
are identical to those used for synthesizing the random sequence using ACM protection of the N-terminal Cys residues 
35 of the middle segments, as described in Example 9. See FIG. 22 for the reaction scheme. The 

[0101] Cam ester derivative is synthesized and incorporated into the C-terminal peptide segment according to the 
diagrams in FIG. 23, 24/FIG. 27 

Example 7: Preparation of Modified C-terminal Peptide Segment (on -resin CAM linker synthesis) (FIG. 27) 

40 

[0102] The commerical resin of choice (MBHA, any Boc-AA-OCH2-Pam resin) is swelled in DMF 

- TFA (1 min x 2) (not necessary if working with MBHA resin) 

- DMF flow wash (30 sec x 2) 

45 addition of activated Boc-Lys(Fmoc)-OH (HBTU/DIEA activation), check for completion of reaction after 10-15 

minutes by ninhydrin test 

- DMF flow wash (30 sec x 2) 

- TFA (1 min x 2) 

- DM F flow wash (30 sec x 2) 
50 - 10% DIEA in DMF (1 min x 2) 

- addition of activated bromoacetic acid (activated as the symmetric anhydride with 0.5 equivalents of DIC in DCM 
for 5-10 minutes), check for completion of reaction after 30 minutes by ninhydrin test 

DMF flow wash (30 sec x 2) 

- addition of first Boc-protected amino acid of the sequence(Boc-AA-OH) 2M in 20% DIEA in DMF. Leave standing 
55 at room temperature for 3 hrs. 

- DM F flow wash (30 sec x 2) 

synthesize rest of the sequence by standard protocols for Boc chemistry 

- remove Fmoc group by treating with 20% piperidine in DMF (5 min x 2) 
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- DMF flow wash (30 sec x 2) 

addition of activated levulinic acid (activated as the symmetric anhydride with 0.5 equivalents of DIC in DCM for 
5-1 0 min), check for completion of reaction after 30 minutes by ninhydrin test 
DMF flow wash (30 sec x 2) 
5 - thorough washing with DCM 
thoroughly dry resin 

HF cleavage at 0°C for 1 hr using p-cresol as a scavenger 
trituration and washing with cold ethyl ether 
dissolve in aqueous HPLC buffer and lyophilize 
to - purify by preparative HPLC 

Example 8: Solid Phase Native Chemical Ligation of Random Peptide Segments In the C- to N-termlnal Direction 
using Fmoc protection (See FIG. 28) 

15 [0103] The following procedures can be used for solid phase ligations in the C- to N-terminal direction, as diagramed 
in Table 2. By example, a random peptide of: ALTKYGFYGCYGRLEEKGCADRKNILA can be ligated in three peptide 
segments (from C- to N-terminal direction): segment 1= CADRKNILA; segment 2 = CYGRLEEKG; and segment 3 = 
ALTKYGFYG. 

[0104] The resin is washed with 6M Gu»HCL, 0.1 M Na Acetate, pH 4.6 (1ml x 5) and drained. The modified C- 
20 terminal peptide segment (first peptide segment) is dissolved in 6M Gu-HCL, 0.1 M Na Acetate, pH 4.6 (5 mM first 
peptide segment) and added to the resin and is left standing at room temperature overnight. The resin is washed with 
6M Gu»HCL, 0.1 M Na Acetate, pH 4.6 (1 ml x 5) and drained. A sample is removed for base cleavage and is treated 
with 8M urea, 0.1 M NaPi, pH 7, treated for 2 minutes with 0.25N NaOH in the same 8M urea buffer (resulting pH~14), 
washed with an equal amount of 0.25N HCI in the same 8M urea buffer (resulting pH~2), and the combined eluants 
25 treated with TCEP prior to injection on HPLC. 

[0105] In preparation for addition of the next segment, the resin is washed with 6M Gu»HCI, 0.1M NaPi, pH 7.0 (1 
ml x 5) and drained. The second peptide segment (Fmoc-Cys-peptide-COSR) is dissolved in 6M Gu»HCI, 0.1 M NaPi, 
pH 7.0, 0.5% thiophenol (to at least 1 0 mM to 50 mM second peptide segment) and added to the resin, the mixture is 
left standing at room temperature overnight. The resin is washed with 6M Gu»HCI, 0.1 M NaPi, pH 7.0(1 mix 5), water 
30 (1 ml x 5), DMF (1 ml x 5), and the Fmoc protecting group removed by treating with two aliquots of 20% piperidine in 
DMF (5 min each). The resin is then washed with DMF (1 ml x 5), water (1 ml x 5), and 6M Gu»HCI, 0.1 M NaPi, pH 
7.0 (1 ml x 5). A sample of resin is removed and base cleaved as above. 

[0106] The final peptide segment is dissolved in 6M GuHHCI, 0.1 M NaPi, pH 7.0, 0.5% thiophenol and added to the 
resin. This mixture is left standing at room temperature overnight. The resin is then washed with 6M Gu»HCI, 0.1 M 
35 NaPi, pH 7.0 and the assembled peptide is removed from the solid phase via base cleavage of the cleavable handle 
from the remaining resin as outlined above only on a larger scale followed by purification by HPLC or deslating on PD- 
10 column and lyophilization. 

[0107] These methods can be applied to make any peptides having cysteine residues. 

40 Example 8A: Solid Phase Native Chemical Ligation of Random Peptide Segments in the C- to N-terminal 
Direction using DNPE protection 

[0108] DNPE (2-(2,4-dinitrophenylethyl)) is another cysteine side chain protecting group which can be used for liga- 
tions in the C- to N-terminal direction. Example 8 was repeated using DNPE as the protecting group. The conditions 
^5 for solid phase chemical ligation of random peptide segments in the C- to N-terminal direction were identical to those 
used for Example 8 above except that in the removal of the DNPE protecting group, 50% piperidine is used. 

Example 9: Solid Phase Native Chemical Ligation of Random Peptide Segments In the C- to N-terminal Direction 
using ACM protection 

50 

[0109] The following procedures are used for solid phase ligations in the C- to N-terminal direction, as diagramed in 
Table 3. The same random polypeptide described in the Example above is ligated. 

[0110] The resin is washed with 6M Gu»HCL, 0.1 M Na Acetate, pH 4.6(1 in x 5) and drained. The modified ^terminal 
peptide segment is dissolved in 6M Gu-HCL, 0.1 M Na Acetate, pH 4.6 and added to the resin and is left standing at 
55 room temperature overnight. The resin is washed with 6M Gu»HCL, 0.1 M Na Acetate, pH 4.6 (1 ml x 5) and drained. 
A sample is removed for base cleavage and is treated with 8M urea, 0. 1 M NaPi, pH 7, treated for 2 minutes with 0.25N 
NaOH in the same 8M urea buffer (resulting pH-1 4), washed with an equal amount of 0.25N HCi in the same 8M urea 
buffer (resulting pH~2), and the combined eluants treated with TCEP prior to injection on HPLC 
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[0111] In preparation for addition of the next segment, the resin is washed with 6M GuHHCI, 0.1 M NaPi, pH 7.0 (1 
ml x 5) and drained. The second peptide segment (Fmoc-Cys-peptide-COSR) is dissolved in 6M Gu»HCI, 0.1 M NaPi, 
pH 7.0, 0.5% thiophenol (to at least 1 0 mM second peptide segment) and added to the resin. The mixture is left standing 
at room temperature overnight. The resin is washed with 6M Gu»HCI, 0.1 M NaPi, pH 7.0 (1 ml x 5), 3% acetic acid in 

5 water (1 ml x 5), and the ACM protecting group removed by treating with mercury (I I) acetate in 3% acetic acid in water 
(15 mgs/ml) for 30 min. The resin is then washed with 3% acetic acid in water (1 ml x 5), 6M Gu*HCI, 0.1 M NaPi, pH 
7.0 (1 ml x 5), and treated with 20% beta-mercaptoethanol in 6M Gu»HCI, 0.1 M NaPi, pH 7.0 for 30 min, followed by 
washing with 6M Gu»HCI, 0.1 M NaPi, pH 7.0 (1 mi x 5). A sample of resin is removed and base cleaved as above. 
[0112] The final peptide segment is dissolved in 6M Gu^HCI, 0.1 M NaPi, pH 7.0, 0.5% thiophenol and added to the 

10 resin! This mixture is left standing at room temperature overnjght. The resin is then washed with 6MGu»HCI, 0I1M 
NaPi, pH 7.0 and the assembled peptide is removed from the solid phase via base cleavage of the cleavable handle 
from the remaining resin as outlined above only on a larger scale followed by purification by H PLC or deslating on PD- 
10 column and lyophilization. 
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Table 2 

«^ — = — : 

Polymer-Supported Ligations 

C- to N- Tenninal Direction 
Fmoc Protection 



H<:AD?JQnLA-CAM-Lys(Levulmic acid)-NH2(\) 

+ Resin- ONH2 

\> 1. pH 4.6, 6M Gu^HCI, 0.1 acetate 

//^ADRKNIL^ 

+ Fmoc-CYGKLEEKGCOSR (2) 

4^ 2. pH 7.5, 6MGu»HCl,Q.lM phosphate, 0.5% thiophenol 

I Fmoc-CY GRLEEKGC ADRK^LA-C^J^i^Hwiwe-Resin (1+2) 
4" 3. 20% piperidine/DMF 
/f-CYGMJEEKGCADRKNIL^ 
+ tf-ALTKYGF YG-COSff (3) 

4r ; 4;'- pH 7 5, 6M Gu^HCl, 0.1M phosphate, 0.5% thiophenol 
H- ALTKYGFYGCYGRLEEKGCADRKNILA-CiAAZys-ox/me-Rcsin ( 1 +2+3) 

I v 5. pH 14, 8M Urea, 0.1M phosphate, 0.25N NaOH 
H- ALTKYGFYGCYGRLEEKGCADRKNILA-O// 
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Table 3 



Polymer-Supported Ligations 

C- to N- Terminal Direction 
ACM Protection 



H-CA&WWlLA-CAM-LysfLevulinic acid)-NH2 (1) 

+ Resin- ONH2 

4 1. pH 4.6, 6M Gu^HCl, 0.1 acetate 

H^CADRKNlLA^CAM'Lys^oxime'Resiti ( 1 ) 
+ H-C(ACAQYGKLEEKG-COSR (2) 

4^ 2. pH 7.5, 6M GmHCl, 0. 1M phosphate, 0.5% thiophenol 

/r^^4CA^YGRLEEKGCADRKNILA- 

4< 3. a. mercury(II)acetate in 3% Aq. AcOH 
b. 20% mercaptoethanol in pH 7.5, 6M Gu*HC], 0.1M 

phosphate 

//•CYGRLEEKGCADRKMLA-C^A/^-w/me-Resin (1+2) 

+ if-ALTKYGF YG-COSA (3) 

4< 4. pH 7.5, 6M Gu»HCl, 0.1M phosphate, 0.5% thiophenol 
H- ALTKYGF YGCYGRLEEKGC ADRKNILA-C^^ ( 1+2+3) 

4 5. pH 14, 8M Urea, 0.1 M phosphate, 0.25N NaOH 
tf- ALTKYGF YGC YGRLEEKGC ADRKNIL A-Q// 

Example 10: Bidirectional Solid Phase Sequential Native Chemical Ligation 

[0113] This example illustrates one of the embodiments of the bidirectional solid phase protein ligation approach, 
namely the situation starting with a first peptide segment bound to the solid phase, wherein the first peptide segment 
is a "middle piece" of the target protein desired, i.e. the first peptide segment, bound to the solid phase, is used for 
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ligations at both its N-terminal Cysteine and its C-terminal thio ester. 

[0114] Starting with one of the middle pieces of the target protein, a cleavable linker is added to the side chain of 
one of the amino acid residues of the middle piece. The side chain of any amino acid residue having a protectable 
functional group can be used, including, preferably Aspartic Acid or Glutamic Acid. Most preferably, a Lysine amino 
acid residue is used. For example, a CAM ester cleavable handle or any other carboxylic acid protecting group may 
be adapted to attach the first peptide segment to the solid phase through the side chain of Aspartic or Glutamic Acid. 
One of skill in the art will readily appreciate the necessary chemistries for accomplishing this step. 
[0115] For example, the synthesis of a first peptide segment to be attached to the solid phase via an internal amino 
acid is illustrated in FIG. 25C. Starting with an appropriate solid phase (thioester or thiacid generating), the first peptide 
segment is synthesized using standard Boc protocols until the Lysine residue of choice is reached. Using Boc chemistry, 
a Lysine with its side chain amine protected with an Fmoc group (Boc-Lys(Fmoc)-OH) is inserted at the appropriate 
location during solid phase stepwise peptide synthesis, followed by continued synthesis to the end of the first peptide 
segment. The Fmoc protecting group is removed at the end of the stepwise peptide synthesis and the cleavable handle 
coupled to the side chain amine (step B of FIG. 25C). 

[01 16] This method is much the same as the procedure outlined in FIG. 24, with the following differences: the levulinic 
acid in step 4 is replaced with the cleavable handle and the 20% piperidine used to cleave the Fmoc group (also part 
of step 4) is replaced with a much smaller concentration of an alternative base such as 1 ,8-Diazabicyclo[5.4.0]undec- 
7-ene (DBU), e.g. 1-2 equivalents of DBU in DMF. The reason is the middle peptide segments, regardless of whether 
they generate thioacids or thioesters upon cleavage from the resin, are connected to the resin by a thioester which 
would be cleaved in the presence of 20% piperidine. 

[0117] For this particular strategy, the MSC handle is preferred, although other cleavable handles can be used. 
Attachment to the side chain amine of a lysine residue and further modification of the linker with an appropriate functional 
group capable of reacting with a corresponding group on the solid phase ligation resin would be generally as outlined 
in FIG. 17A, with the exception that the amine of the MSC handle should be protected with an Fmoc instead of a Boc 
group. Since attachment to the peptide segment is through an internal amino acid residue, the N-terminal amino acid 
would be Boc protected and it is not possible for the N-terminal amino group and the amino group of the MSC cleavable 
handle to be protected by the same group. Removal of the Fmoc group on the MSC cleavable handle would also need 
to be done with DBU instead of piperidine. As in FIG. 17A, levulinic acid is preferred for coupling to the linker with a 
corresponding aminooxyacetyl group on the solid support (FIG. 17B). 

[0118] Two versions of the first peptide segment to be coupled to the resin are described below. 
[0119] First Version. The first peptide segment has an unprotected N-terminal cysteine and a C-terminal thioacid 
(FIG. 25A). The second peptide segment (step 2. in FIG.25A), to be ligated to the first peptide segment, is a peptide 
with a C-terminal thioester and optionally a protected N-terminal Cysteine (if additional C- to N-terminal ligations are 
desired), wherein the C-terminal thioester is capable of reacting with the N-terminal Cys of the first peptide segment 
(i.e. in the C- to N-terminal direction). This step can be multiply repeated with additional peptide segments added in 
the C- to N-terminal direction, if desired, provided that the internal incoming peptide segments each comprise a pro- 
tected N-terminal Cysteine, which can be deprotected according to the standard C- to N-terminal solid phase native 
chemical ligation steps outlined in FIG. 21 (the final peptide segment to be added at the N-termtnus of the resulting 
product need not have an N-terminal Cysteine). After ligation is complete, the C-terminal thioacid of the resulting solid- 
phase bound peptide (i.e. ligation product of first and second peptide segments) is then converted to a thioester with 
bromoacetic acid (as outlined in N- to C-terminal ligations in Table 1 and diagrammed as step 3 of FIG 25A). The next 
step (step 4 of FIG.25A) comprises ligation of the solid-phase bound peptide to a third peptide segment with an N- 
terminal Cys. This step can optionally be repeated, to add additional incoming peptide segments in the N- to C-terminal 
direction, if desired, provided that the internal incoming peptide segments each comprise an unprotected N-terminal 
Cysteine and a C-terminal thioacid, with conversion of the thioacid to thioester after the ligation is complete and prior 
to addition of the next peptide segment. The final peptide segment to be added at the C-terminus of the resulting 
product need not have a C-terminal thioacid. 

[0120] One of skill in the art will appreciate that multiple ligations can subsequently be performed in both directions 
if the appropriate protecting groups and other appropriate chemistries are used on the middle piece or the solid-phase 
bound peptide. These additional steps are identical to the strategies used for the individual directions, i.e. N-terminal 
unprotected Cys plus C-terminal thioester for the N- to C- direction and N -term inal Cys (ACM) plus C-terminal thioester 
for the C- to N-terminal direction. Assuming the MSC linker is used, cleavage of the full length product from the resin 
would be in basic solution (pH 12-14) as outlined in step 6 in Table 1 . However, the preferred approach is to complete 
all ligation steps necessary for one direction, followed by the ligation steps for the other direction. As long as the solid 
phase bound peptide has either a protected N-terminal Cysteine or a C-terminal thioacid, ligations can proceed in 
either direction provided that the appropriate strategies as described herein are followed. If the solid phase bound 
peptide has both an unprotected N-terminal Cysteine and a C-terminal thioester, any attempts at ligating to an additional 
incoming peptide segment will result in cyclization of the solid-phase bound peptide. 
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[0121] Second Version. The second version of this scheme involves starting with ligation in the N- to Q-terminal 
direction, followed by ligation in the opposite direction, as shown in FIG. 25B. The first peptide segment to be coupled : 
to the resin comprises a temporarily protected N-terminal Cys and a C-termjnal thioester The ligation of a second 
peptide segment to the first peptide segment is then in the N- to C-terminal direction. Any subsequent ligations in the 
5 C- to N-terminal direction would first require removal of the protecting group. 

[0122] Except for the attachment of the first peptide segment to the solid support, this strategy merely combines the 
procedures for N- to C- and C- to N-terminal ligations (described above). 
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Claims 



55 1. A method of producing an assembled peptide in the N-terminal to C-terminal direction, said method comprising 
the steps: 

; ; a) ligating a peptide segment having an N-terminal cysteine and a C-terminal thioacid to a solid phase-bound 
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peptide segment having a C-temninal thioester, to form a solid phase-bound peptide segment having a C- 
terminal thioacid; and 

b) converting said C-terminal thioacid of said solid phase-bound peptide to a C-terminal thioester, to form a 
solid phase-bound assembled peptide having a C-tenninat thioester. 

5 

2. The method of Claim 1 wherein said solid phase-bound peptide segment comprises a solid phase bound to said 
peptide segment via a linker. 

3. The method of Claim 2 wherein said linker is a cleavable linker. 

10 

4. The method of Claim 3, which further comprises releasing said assembled peptide from said solid phase by cleaving 
: said cleavable linker. 

5. The method of Claim 1 which further comprises ligating said solid phase-bound assembled peptide having a C- 
15. . terminal thioester to a peptide segment having an N-terminal cysteine and a C-terminal group otherthan a thioacid, 

to form a solid phase-bound assembled peptide having a C-terminal group other than a thioacid. 

6. The method of Claim 5, wherein said solid phase-bound assembled peptide segment comprises a solid phase 
bound to said peptide segment via a linker. 

20 

7. The method of Claim 6, wherein said linker is a cleavable linker 

8. The method of Claim 7, which further comprises releasing said assembled peptide from saidsolid phase by cleaving 
said cleavable linker. 

25 

9. A method of producing an assembled peptide in the C-terminal to N-terminal direction, said method comprising 
the steps: 

a) ligating a first peptide segment to a second peptide segment, said first peptide segment having an unpro- 
30 tected N-terminal cysteine and a C-terminal group bound to a solid phase via a linker adjoined to said C- 

terminal group, and said second peptide segment having a protected N-terminal cysteine and an unprotected 
C-terminal thioester, 

b) deprotecting said protected N-terminal cysteine of said second peptide segment; and 

c) ligating a third peptide segment having an unprotected C-terminal thioester to said unprotected N-terminal 
35 cysteine of said second peptide segment to produce an assembled peptide. 

10. The method of Claim 9 wherein said third peptide comprises a protected N-terminal cysteine, and wherein steps 
b) and c) are repeated one or more times with one or more additional peptide segments compatible with said 
deprotecting and said ligating to produce said assembled peptide. 

40 

11 . The method of Claim 9 wherein said linker is a cleavable linker. 

12. The method of Claim 11 which further comprises releasing said assembled peptide from said solid phase by cleav- 
ing said cleavable linker. 

45 

13. The method of Claim 12 wherein said linker is a cleavable linker. 

1 4. The method of Claim 1 3 which further comprises releasing said assembled peptide from said solid phase by cleav- 
ing said cleavable linker. 

50 

15. A kit for preparing assembled polypeptides comprising: 

a) a first unprotected peptide segment, comprising a thioester at its C-tenninus and an N-terminus, wherein 
said first unprotected peptide segment is bound to a solid phase via a linker comprising a cleavable moiety; 
55 b) a set of second unprotected peptide segments, each comprising a thioacid at their C-termini and a cysteine 

at their N-termini, wherein each of said second unprotected peptide segments have the same number of amino 
acids; and 

c) one or more sets of different unprotected peptide segments, each comprising a thioester at their C-termini 
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and a cysteine residue at their N-termini, wherein each of the members of each set have the same number of 
amino acids. 

16. : The kit of Claim 15 wherein said set of second unprotected peptide segments is comprised of peptides having the 
5. : v same length, but different amino acid sequences. 

17. The kit of Claim 15 wherein said set of second unprotected peptides consists essentially of identical peptides. 

18. The kit of Claim 15 wherein said one or more sets of different unprotected peptides comprise at least one set of 
• : "V. : ^ 10 peptides having the same length but different amino acid sequences. 

19. An apparatus for producing assembled polypeptides, comprising: 

a) a solid support, having bound thereto a first unprotected peptide having a thioester at its C-terminus and a 
y y- : ---i5 ■ ; cleavable linker at its N-terminus, wherein said unprotected peptide is bound to said solid support via a linker; < 

b) a set of second unprotected peptides, each comprising a thioacid at their C-termini and a cysteine residue 
at their N-termini; and 

c) one or more sets of different unprotected peptides, each comprising a thioacid at their C-termini and a ; ; 
cysteine residue at their N-termini. 

PatentansprUche 

Verfahren zur Herstellung eines assemblierten Peptids in Richtung vom N-Terminus zum C-Terminus, wobei das 
Verfahren Folgendes umfasst: 

a) Ligieren eines Peptidsegments mit einem N-terminalen Cystein und einer C-terminalen Thiosaure an ein 
an eine Festphase gebundenes Peptidsegment, das einen C-terminalen Thioester aufweist, urn ein an eine ; 
Festphase gebundenes Peptidsegment zu bilden, das eine C-terminale Thiosaure aufweist; uhd 

b) Uberfuhren der C-terminalen Thiosaure des an eine Festphase gebundenen Peptids in einen G-terminalen 
Thioester, um ein an eine Festphase gebundenes assembliertes Peptid zu bilden, das einen C-terminalen 
Thioester aufweist. 

Verfahren nach; Anspruch 1, worin das an eine Festphase gebundene Peptidsegment eine Festphase umfasst, 
die uber einen Linker an das Peptidsegment gebunden ist. 

Verfahren nach Anspruch 2, worin der Linker ein spaltbarer Linker ist. 

Verfahren nach Anspruch 3, das au3erdem die Freisetzung des assemblierten Peptids von der Festphase durch 
Spalten des spaltbaren Linkers umfasst. 

Verfahren nach Anspruch 1 , das au3erdem das Ligieren des an eine Festphase gebundenen assemblierten Pep- 
tids, das einen C-terminalen Thioester aufweist, an ein Peptidsegment, das ein N-terrn in ales Cystein und eine 
andere C-termina!e Gruppe als eine Thiosaure aufweist, umfasst, um ein an eine Festphase gebundenes assem- 
bliertes Peptid zu bilden, das eine andere C-terminale Gruppe als eine thiosaure aufweist. 

Verfahren nach Anspruch 5, worin das an eine Festphase gebundene assemblierte Peptidsegment eine Festphase 
umfasst, die uber einen Linker an das Peptidsegment gebunden ist. 

Verfahren nach Anspruch 6, worin der Linker ein spaltbarer Linker ist. 

Verfahren nach Anspruch 7, das auBerdem die Freisetzung des assemblierten Peptids von der Festphase durch 
Spalten des spaltbaren Linkers umfasst. 

Verfahren zur Herstellung eines assemblierten Peptids in Richtung vom C-Terminus zum N-Terminus, wobei das 
Verfahren Folgendes umfasst: 

a) Ligieren eines ersten Peptidsegments an ein zweites Peptidsegment, wobei das erste Peptidsegment ein . 
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ungeschiitztes N-terminales Cystein und eine C-terminale Gruppe aufweist, die uber einen an die C-terminale 
Gruppe angrenzenden Linker an eine Festphase gebunden ist, und das zweite Peptidsegment ein geschutztes 
N-terminales Cystein und einen ungeschiitzten C-terminalen Thioester aufweist; 

b) Entfernen der Schutzgruppen des geschutzten N-terminalen Cysteins des zweiten Peptidsegments; und 
5 c) Ligieren eines dritten Peptidsegments, das einen ungeschiitzten C-terminalen Thioester aufweist, an das 

ungeschiitzte N-terminale Cystein des zweiten Peptidsegments, urn ein assembliertes Peptid zu bilden. 

10. Verfahren nach Anspruch 9, worin das dritte Peptid ein geschutztes N-terminales Cystein umfasst und worin die 
Schritte b) und c) einmal oder mehrmals mit einem Oder mehreren zusatzlichen Peptidsegmenten wiederholt wer- 

10 den, die mit der Entfernung der Schutzgruppen und der Ligation zur Herstellung eines assemblierten Peptids 

kompatibel sind. 

11 . Verfahren nach Anspruch 9, worin der Linker ein spaltbarer Linker ist. 

is 12. Verfahren nach Anspruch 11 , das auGerdem die Freisetzung des assemblierten Peptids von der Festphase durch 
Spaften des spaltbaren Linkers umfasst. 

13. Verfahren nach Anspruch 12, worin der Linker ein spaltbarer Linker 1st. 

20 14. Verfahren nach Anspruch 13, das auBerdem die Freisetzung des assemblierten Peptids von der Festphase durch 
Spalten des spaltbaren Linkers umfasst. 



15. Set zur Herstellung von assemblierten Polypeptiden, umfassend: 

25 a) ein erstes ungeschiitztes Peptidsegment, das einen Thioester am C-Termin us und am N-Terminus aufweist, 

worin das erste ungeschiitzte Peptidsegment uber einen Linker an eine Festphase gebunden ist, dereinspalt- 
bare Gruppierung umfasst; 

b) eine Gruppe zweiter ungeschutzter Peptidsegmente, die jeweils eine Thiosaure an ihrem C-Terminus und 
ein Cystein an ihrem N-Terminus aufweisen, worin jedes der zweiten ungeschiitzten Peptidsegmente dieselbe 

30 Anzahl an Aminosauren aufweist; und 

c) eine oder mehrere Gruppen unterschiedlicher ungeschutzter Peptidsegmente, die jeweils einen Thioester 
an ihrem C-Terminus und einen Cysteinrest an ihrem N-Terminus aufweisen, worin jedes der Mitglieder der 
Gruppe dieselbe Anzahl an Aminosauren aufweist. 

35 16. Set nach Anspruch 15, worin die Gruppe zweiter ungeschutzter Peptidsegmente aus Peptiden mit derselben Lan- 
ge, aber unterschiedlichen Aminosauresequenzen besteht. 

17. Set nach Anspruch 15, worin die Gruppe zweiter ungeschutzter Peptide im Wesentlichen aus identischen Peptiden 
besteht. 

40 

1 8. Set nach Anspruch 1 5, worin die eine oder mehreren Gruppen unterschiedlicher ungeschutzter Peptide zumindest 
eine Gruppe von Peptiden mit derselben Lange, aber unterschiedlichen Aminosauresequenzen umfasst. 

19. Gerat zur Herstellung assemblierter Polypeptide, umfassend: 

45 

a) einen festen Trager, an den ein erstes ungeschiitztes Peptid, das einen Thioester an seinem C-Terminus 
und einen spaltbaren Linker an seinem N-Terminus aufweist, gebunden ist, worin das ungeschiitzte Peptid 
uber einen Linker an den festen Trager gebunden ist; 

b) eine Gruppe zweiter ungeschutzter Peptide, die jeweils eine Thiosaure an ihrem C-Terminus und einen 
50 Cysteinrest an ihrem N-Terminus aufweisen; und 

c) eine oder mehrere Gruppen unterschiedlicher ungeschutzter Peptide, die jeweils eine Thiosaure an ihrem 
C-Terminus und einen Cysteinrest an ihrem N-Terminus aufweisen. 



55 Revendications 

1. Methode de production d'un peptide assemble dans la direction N -terminale a C-terminale, ladite methode com- 
prenant les etapes de: 
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a) ligature d'un segment de peptide ayant une cysteine N-terminale etun thioacide C -terminal a un segment 
de peptide lie a une phase solide ayant un thioester C-terminal, pour former un segment de peptide \\& a une 
phase solide ayant un thioacide C-terminal; et 

b) conversion dudit thioacide C -terminal dudit peptide lie" a une phase solide en un thioester C-terminal, pour 
: former un peptide assembl6 Ii6 a une phase solide ayant un thioester C-terminal. 

2. ; M6thode de la revendication 1 , ou ledit segment de peptide lie a une phase solide comprend une phase solide 
. Ii6e audit segment de peptide via un linker. 

3. M6th6de de la revendication 2, ou ledit linker est un linker scindable. 

4. Methode de la revendication 3, qui comprend de plus la liberation dudit peptide assemble de ladite phase solide : 
par scindage dudit linker scindable: 

5. M6thdde de la revendication 1 , qui comprend de plus la ligature dudit peptide assemble Ii6 a une phase solide 
ayant un thioester C-terminal a un segment de peptide ayant une cysteine N-terminale et un groupe C -terminal 

..: autre qu'un thioacide pour former un peptide assemble Ii6 a une phase solide ayant un groupe C -terminal autre 
qu'un thioacide. 

6. M6thode de la revendication 5, ou ledit segment de peptide assemble lie a une phase solide comprend une phase 
solide Ii6e audit segment de peptide via un linker 

7. M6thode de la revendication 6, ou ledit linker est un linker scindable. 

8. Methode de la revendication 7, qui comprend de plus la liberation dudit peptide assemble de ladite phase solide 
par scindage dudit linker scindable. 

9. Methode de production d'un peptide assemble dans la direction C -terminate a N-terminale, ladite m6thode com- 
prenant les 6tapes: 

a) ligature d'un premier segment de peptide a un second segment de peptide, ledit premiersegment de peptide 
ayant une cysteine N-terminale non protegee et un groupe C-terminal lie" a une phase solide via un linker 
adjoint audit groupe C-terminal, ledit second segment de peptide ayant une cysteine C-terrh in ale prot6g6e et 
un thioester C-terminal prot£g6; 

b) suppression de la protection de ladite cysteine N-terminale prot6g6e dudit second segment de peptide; et 

c) ligature d'un troisieme segment de peptide ayant un thioester C -terminai non prot6g6 a ladite cysteine N- 
terminale non protegee dudit second segment de peptide pour produire un peptide assemble. 

10. M 6th ode de la revendication 9, ou ledit troisieme peptide comprend une cysteine N-terminale prot6g6e et oti les 
6tapes b) et c) sent r6p6tees une ou deux fois avec un ou plusieurs segments de peptide additionnels compatibles 
avec ladite suppression de la protection et ladite liga ture pour produ ire ledit peptide assemble. 

11. Methode de la revendication 9, ou ledit linker est un linker scindable. 

12. Methode de la revendication 11 , qui comprend de plus la liberation dudit peptide assemble de ladite phase solide: 
par scindage dudit linker scindable. 

13. M6thode de la revendication 12, ou ledit linker est un linker scindable. 

14.. M&hode de la revendication 13, qui comprend de plus la liberation dudit peptide assemble de ladite phase solide 
par scindage dudit linker scindable. 

15. Kit pour preparer des polypeptides assembles comprenant: 

a) un premier segment de peptide non prot6g6 comprenant un thioester a son C-terminal et un N -terminal ou 
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ledit premier segment de peptide non prot6g6 est lie a une phase solide via un linker comprenant une fraction 
scindabie, 

b) un groupe de seconds segments de peptide non protege chacun comprenant un thioacide a teurs C-termi- 
s naux et une cysteine a leurs N-terminaux, ou chacun desdits seconds segments de peptide non proteges a 

le meme nombre d'acides amines; 

c) un ou plusieurs groupes de segments de peptide non proteges differents, chacun comprenant un thioester 
a leurs C-terminaux et un residu de cysteine a leurs N-terminaux, ou chacun desdits membres de groupe a 

10 le mfime nombre d'acides amines. 

1 6. Kit de la revendication 1 5, ou ledit groupe de seconds segments de peptide non proteges se compose de peptides 
ayant la meme longueur mats differentes sequences d'acides amines. 

is 17. Kit de la revendication 1 5, ou ledit groupe de seconds peptides hon proteges consiste essentiellement en peptides 
identiques. 

18. Kit de la revendication 1 5, ou ledit un ou plusieurs groupes de peptides non proteges differents comprend au moins 
un groupe de peptides ayant la meme longueur mais differentes sequences d'acides amines. 

20 

19. Appareil pour produire des polypeptides assembles, comprenant: 

a) un support solide auquel est lie un premier peptide non protege ayant un thioester a son C-terminal et un 
linker scindabie a son N-terminal, ou ledit peptide non proteg6 est lie audit support solide via un linker, 

25 

b) un groupe de seconds peptides non proteges, chacun comprenant un thioacide a leurs C-terminaux et un 
residu de cysteine a leurs N-terminaux; et 

c) un ou plusieurs groupes de peptides non proteges differents, chacun comprenant un thioacide a leurs C- 
30 terminaux et un residu de cysteine a leurs N-terminaux. 
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IN THE ABSENCE OF ATHIOESTER PEPTIDE 
H - CGFRVREFGDNTA - COSH MW=1 487.6 

6M GU'HCL, 0.1M NaPi, 0.5% THIOPHENOL, ROOM TEMPERATURE, 
OVERNIGHT 



THIOPHENOL 



1487.2 



I 



1452.7 (-34.5) 
CYCLIZATION 



^2939.3 (INTERMOLECULAR 
X I REACTION?) 



i i i i i i i i i i i i i i i i i i i i i i i i i i r i i' i i i i i i i i i t i i i i i i i 



0.0 



FIG..2A 



46.9 



IN THE PRESENCE OF ATHIOESTER PEPTIDE 

H - CGFRVREFGDNTA - COSH MW=T487.6 + H- DSVISLSGDH - SPAL 

MW=1 230.2 MW OF LIGATION PRODUCT =2498.7 



1229.7 
THIOPHENOL I 



1452.7 





2497.7 



A 



i i i i i i i i i i i i r i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 
0.0 46.9 

FIG-2B 
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I 



MSC- CTSAGPHFNPLSRKHG - OH MW=1 859.1 
H - CTSAGPHFNPLSRKHG - OH MW=1 708.9 
AUQUOT OF PEPTIDE IN 6M Gu«HCI, 0.1 M 
NaPi, pH 7.5 WAS DILUTED INTO 1N NaOH FOR 
TWO MINUTES, QUENCHED WTH 1N HCI 



FIG.. 3 A 



1708.2 



1814.5 (+106.3) 



NOHYDRAZINE 



i i 1 1 i -i i i i i i i i r i i i i i i i i i i i i i i i i i i i i i i 



38.2 



r 



FIG..3B 




50mM HYDRAZINE 



i ii i i i i i i i i i I* i i i i i i ii i i i i i i i i i i ri ' i i 
10 38.2 



FIG.-3C 




200mM HYDRAZINE 



i i i i i i i i i i i i i i i i i i i i i ii i i i i i i i i i i i i 
1'0 38.2 
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Lev ■ MSC - LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG - COSH 

MW=4022.4 

H- LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG - COSH 

MW=3745.1 

AUQUOT OF PEPTIDE IN 6M Gu«HCI. 0.1M NaAc, pH 4.6 WAS DILUTED 
INTO 6M Gu»HCI, 0.1M NaAc. pH 14 FOR TWO MINUTES. QUENCHED WITH 
6M GwHCI. 0. 1 M NaAc, pH2 .0 



12.1 



3747.9 




3979.7 (+231.8) 



t r 



FIG. -4 



I 

22.6 



1 21 47 

TLQKKIEEIAAKYKHSWKK^ 
WASQLRANI SHKDMQLGR 

74 




FIGZ.26 
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CLEAVAGE CLEAVAGE 

FIG..5A 
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RESIN 



RESIN 





H 
I 

N 




H 
I 

N 



RESIN V NH 2 



NH-PG 



NH-PG 



1. -PG 
2 * H0 2 C 

3. -PG 
H 



T 
o 



Or N nrE; 



IF 

o 



<1 — HANDLE 




PEPTIDE 



HANDLE 



PEPTIDE 



H0 2 C — (~y — NH- = 



HO z C 



<J— ] HANDLE 



CLEAVABLE LINKER USED FOR MONITORING 
WITH MALDI, ELECTROSPRAY MASS 
SPECT, ETC... 




PG = PROTECTING GROUP 



= FUNCTIONAL GROUP ADDED TO RESIN TO 
COUPLE WITH PEPTIDE 



PEPTIDE = PEPTIDE FUNCTIONALIZED WITH 

1. CLEAVABLE HANDLE FOR RELEASE OF 

PEPTIDE/PROTEIN FROM THE RESIN AT 
COMPLETION OF SYNTHESIS AND 

2. FUNCTIONAL GROUP TO COUPLE TO RESIN 

■ v : ' 



FIG..5B 
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Soc-LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG-COSMiVf 



1 . -Boc 
2. 



Boc-HN 



O ONp 



O ,0 0 

^ V ^ JL 

Boc-HN "^^0 LTE 



HG-COSAM 





LTE- - - - -HG- COS AM 



HF CLEAVAGE 




HG- COSH 



FIG.-6 
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r 



Lev-MSC- LTEGLHGFHVHEFGONTAGCTSAGPHFNPLSRKHG - COSH(\) 

+ Resin - PCL - 0NH2 

1 1 . pH 4.6, 6M Gu»HCI, 0.1 ACETATE 

Resin • PCL - oxime - MSC - LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG - C0SH{1) 




i i i i i i — i i r i — i — i "i i "i i i' i i i i i ill i i i i i i ii 



0.1 



F1G..7A 



34.1 
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Lev - MSC - LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG - COSH (1 ) 

+ Resin - PCL-ONH2 

f 1 . pH 4.6, 6M Gu»HCI. 0.1 ACETATE 

Resin • PCL • oxime -MSC • LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG - COSH(\) 



-i 



ii i i i i i ii i i — ii i i i i i i i i i i i i i i i i i i — i — r 



0.1 



FIG...8A 



35.0 




i i i i i i i i i i i i i i i i r i i i i i i i i i. i i i i i i i 

FIG..8B 350 
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Lev - MSC - LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG • COSH (1 ) 

+ Resin -PCL-ONH2 

pH 4.6, 6M Gu'HCI, 0.1 ACETATE 

Resin • PCL ■ oxime - MSC • LTEGLHGFHVHEFGDNTAGCTSAGPHFNPLSRKHG - COSH (1 ) 

MALDI MASS = 4022. BASE CLEAVAGE MASS = 3745 

0) 

3745-v 




FIG.-.9C p. 2500 5000 7500 



39 



EP 1 001 968 B1 



Resin - PCL - oxime ■ MSC- LTEGLHGFHVHER3DNTAGCTSAGPHFNPLSRKHG - COSActf) 

MALDI MASS = 4080, BASE CLEAVAGE MASS = 3729 
+ H - CGFRVREFGDNTA - COSH (2) 

J 3. pH 7.5, 6M Gu'HCI, 0.1 M PHOSPHATE, 0.5% THIOPHENOL 

Resin - PCL - oxime • MSC - LTEGLHGFHVHEFGDNTAGGTSAGPHFNPLSRKHGCGFRVREF - 
GDNTA-COSW(1+2) 

MALDI MASS = 5476. BASE CLEAVAGE MASS = 5199 " _ 



5199 (1+2) 



FIG.. 10 A 




16.0 



25.5 



F/G._ 10B ° 




75 



50- 



25 



0- 



FIG..10C o 
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7500 
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FIG- 11 
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INTENSITY 
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1488.0 



FIG.. 12A 
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1800 2000 



RELATIVE 
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FIG.. 12B 
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FIG.. 13 
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75- 
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FIG.- 14A 
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SOLUTION PROCESSING 



I 




DNP REMOVAL 



FIG.. 15B 




0.0 



46.8 



FIG.. 15C 



POLYMER-SUPPORTED 
PROCESSING 




1 1 1 i 1 1 i i i 1 1 i i 1 1 1 1 1 i i i 1 1 1 1 1 1 1 1 i 1 1 1 1 1 i i i i i 1 1 i i i i 
0.1 46.8 
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Isco 



I 

H 



NH. 



KETONE • MSC HANDLE - MET 1 - MIF 2 - 58 - Leu 59 - SAc - pAla - C0 2 H 

#1 




OXIME - MSG HANDLE - MET 1 - MIF 2 - 58 - Leu 59 - SAc - pAla - C0 2 H 

EXPECTED BASE CLEAVAGE MASS = 6271 



FIG.. 18A 



2091.5 



1559.0 




n 1 1 ui 



FIG..18C 



6272 




FIG.. 18D 



FIG..18B 
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OXIME - MSC HANDLE - MET 1 - MIF 2 - 58 - Leu 59 - SAc - pAla - C0 2 H 



#2 



Cys 60 < MIF 61 - 79 - Leu 80 - COSH 




OXIME - MSC HANDLE - MET 1 • MIF 2 - 79 - Leu 80 - COSH 
EXPECTED BASE CLEAVAGE MASS = 8502 



FIG.. 19A 



1418.0 



1215.5 




1701.0 



2126.5 

FIG..19C 



8502 




FIG..19D 




FIG.. 19B 
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iscoV OXIME - MSC HANDLE - MET 1 - MIF 2 - 79 - Leu 80 - COSAc 



Isco 



#4 



Cys 81 - MIF 82 - 1 14 - Ala 115 - C0 2 H 
6M Gu»HCI, 0.1, 0.1 M Na Pi, 0.5% THIOPHENOL 
5 M METHIONINE, pH 7.5 




OXIME - MSC HANDLE - MET 1 - MIF 2 - 114 - Ala 115 - CO z H 
EXPECTED BASE CLEAVAGE MASS = 1 2450 



FIG.-20A 



1384.5 



1246.0 



1133.0 



1557.5 



1779.5 




I 2076. 



0 

mi nli iii iii 



FIG.-20C 



12,451 
1 




FIG..20D 




FIG.-20B 
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Cys 88 -(PLA2G5(89-1 1 8)]-OCH 2 CO-Lys 



H 2 NOCH 2 CONH-<RESIN 



1 



Cys 88 -[PLA2G5(89-118)J-OCH 2 CO-Lys 



Lw)" 



NOCH 2 CONH —(RESIN 



I Cys(ACM) 59 -(PLA2G5(60-87)]-COSR 

Cys(ACM) S9 -[PLA2GS(60-118)]-OCH 2 CO-Lys » 

jF= NOCH 2 CONH— (JESIN 



MERCURY(Il)ACETATE 



Cys 59 -{PLA2G5(60-1 1 8)J-OCH 2 CO-Lys v 

I \ss NOCH 2 CONH— C RESIN 



Cys(ACM) 26 -lPLA2G5(27-58)]-COSR 



Cys(ACM) 26 -[PLA2G5(27-1 1 8)]-OCH 2 CO-Lys v 

| V= NOCH 2 CONH— ( RESIN 



i 



MERCURY(II)ACETATE 



Cys 26 -[PLA2G5(27-118)]-OCH 2 CO-Lys y 

I )= NOCH 2 CONH—< RESIN 

I [PLA2G5(1-25)]-COSR 

NOCH 2 CONH — QRESIN 
I 0.25N NaOH 



(PLA2G5(1 - 1 1 8)]-OCH 2 CO-Lys 



[PLA2G5(1-118)]-OH 



FIG.-22 
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O R 

i ' 
H 



Br 





1 DIEA 



O R 




H o 



10% Pd/C, CYCLOHEXADIENE 



O R 




H O 




OH 



FIG.-23 
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Boc-HN^C0 2 H 



+ H 2 N 



NH-Fmoc 
1 




RESIN 



Boc-HN 




NH-<RESIN 
NH-Fmoc 



0 R 



O R 



H O 



H 0 




HN-Q RESIN 
NH-Fmoc 



3 SPPS 



Boc-Cysv/v\/v/w>N^^ 0 ^-^HN 



H 0 



HN-C RESIN 



NH-Fmoc 

1 . 20% PIPERDINE 

2. LEVULINIC ACID 

3. HF CLEAVAGE 



O 

CysvA^rLrvA^N'^^ 0 ^^HN -vJU 



NHR 



H O 



H u 



FIG..24 
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ONH 2 + 




O— N 



HANDLE 



1. 



Cys>/VA/\y^LysvA/W N COS' 




O-N 




HANDLE 
I 

Cys^oriunuH-ysvA/VX/^COS" 

2a. Xv/\yvvv">COSR 

IF X=AA OTHER 
THAN Cys, 
GOTO 3 
IF X = PG-Cys, 
GO TO 2b 
2b. REMOVE PG 
f 2c. REPEAT 2a 



"V 



HANDLE 



3. BrCHgCOjH 



HANDLE 



*AAAAA^Cy5JV < Lysv/w/vCOS' 



o^/^AA/\/^ys^/^/ N Lys^/^/^y^/MSOSR 



4. Cyss/v\/vvv\/>X' 
IF X" = C0 2 H OR 

CONH 2 ,GOT05 

IF X' = COS", REPEAT 

3 AND 4 





5. NaOH 

>/v/vv\/\/^ys»y\/M.ys^/\/vv^ 



s/vy\/\y\>^ysv/^Lys»/\y>yv^ 



\ 



WHERE 




if 

O 



H 
I 

N 




MSC 
HANDLE 
PLUS 
LEVULINIC 
ACID 
ATTACHED TO 
SIDE CHAIN 
AMINE OF A 
LYSINE 
RESIDUE 



/ 



FIG.. 25 A 



54 



EP 1 001 968 B1 




ONH 2 + 




0— N 



HANDLE 



1. 



HANDLE 



PG-Cysv^v/V/V^Lysx^v-A/vrCOSR 




O-N 







HANDLE 








I 

2a. Cys*/\A/\AA/\y x »yi 
IF X' = C0 2 H OR 
CONH 2 , GO TO 3 
IF X m COS*. GO TO 2b 
2b. CONVERT TO COSR 
(BrCH 2 C0 2 H), GO TO 2c 

2c. REPEAT 2a 



O— N 



HANDLE 



3. REMOVE PG 

PG-Cys^AA/voLysv/VA/v^ Cys^A/VV\A/> 

Cys^vvv^Lys */\y\Aj^Cys».AA/V\>\A 

4. XvAA/VX^COSR 
IF X = AA OTHER 
THAN Cys, 
GO TO 5 
IFX = PG-Cys, 
REPEAT 3 AND 4 





5. NaOH 

^/v>y\jV>ACysvfv/M-ys^A/\/\y*Cy 



o^Ayv\AACys*/v^Lyss/vrv/\^ 



WHERE 



HANDLE 



O 

o 



✓A 



H 

I 

N 



/ 

O 



\ 



use 

HANDLE 
PLUS 
LEVULINIC 
ACID 
ATTACHED TO 
SIDE CHAIN 
AMINE OF A 
LYSINE 
RESIDUE 



FIG.-25B 
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Boc-Cys(PG) 




1. Boc 

2. Boc-HN 



C0 2 H 



NH-Fmoc 

3, -Boc 

4. SYNTHESIS OF REST OF SEGMENT 



Boc-Cys(PG)-o<v r \/\/v\/\jay^^ 




NH-Fmoc 



1. -Fmoc (1-2 eq OF DBU IN DMF) 

2. Fmoc-HN ^\-O^^OR 

<A> T 



BOC-Cys(PG) ■vAAAAAAA^' 




RESIN 

H 



NH-Fmoc 



Boc-Cys(PG)^/>j^/VAy\AA/^ 



Cys(X) -vy\AA/v\Ayv^ 



H O 
Ok 



1. -Fmoc (1-2 eq OF DBU IN DMF) 

2. LEVULINIC ACID 



RESIN 

H 

v°- 

0 

1. -Boc 

2. HF DEPROTECTION AND 

, CLEAVAGE FROM THE RESIN 




WHERE X = H IF PG CLEAVES 
IN HF AND WHERE X REMAINS 
PG IF PG IS STABLE TO HF 



s/Vwr>COS(H OR R) 
H 

N^O^ 




FIG.-25C 
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BOC-HN. C0 2 H 



NH-Fmoc 




+ H 2 N-C RESIN 



Boc-HN NH -rRisiN 




NH-Fmoc 



I 



BrAcOH 



H 0 




hn-Cresin 



NH-Fmoc 
Boc-AA-OH, DIEA 



O R 




A 



H o 



Boc 



Ispps 

R O 0 

.CySvAAAAA^N^Y°^' v HN nA 



RESIN 



NH-Fmoc 



H O 



HN-C RESIN 



NH-Fmoc 

1.20%PIPERDINE 

2. LEVULINIC ACID 

3. HF CLEAVAGE 



O 

Cysx^yvw\^N'^ N |^ 0 ^^HN >n,A 



NHR 



H O 



H u 



FIG..27 
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ALTKYGFYGCYGRLEEKGCADRKNXXiA 

1 10 19 27 



SEQUENCE 1-27 




ii i i i i i i 
0.0 



I I I 1 I I II I II I I I I I — I II 




31.8 



FIG..28 



ALTKYGFYGCYGRLEEKGCADRKNILA 

1 10 ■ ' 19 : 27 



SEQUENCE 1-27 





i ■ i ii.iii i i ii i — i i i ii i r i ii ii i i til i . i 
0.0 31.9 

Y 



J 



FIG.-29 
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1 26 59 

GLLDLKSMIEKVTGKNALTNYGFYGCYCGWGGRGTPKDGTDWCCWAHDHCYGRJ^EEKGC 

NIRTQSYKYRFAWGVVTCEPGPFCHVl^CACDRKLVYCI*KRNIiRSYOTQyQYFPNII»CS 

88 118 



PLA2G5 88-118 



A 



377' 


(Da 


MOLECULAR WEIGHT 



M I 1 I I I I I I II I I II U I I I I I I I II I I I I I I I I I I I I I I I I I II 

0.0 46.9 



1 26 59 

GLLDLKSMIEKVTGKNALTOTGFYGCYC^ 

NIRTQSYKYRFAWGVVTCEPGPFCHVNLCACT 

88 118 



I LIGATION 1 



PLA2G5 59-118 




7145 Da 



MOLECULAR WEIGHT 




n i 1 1 i i i i 1 1 i i i i i 'i 1 1 i i i i i i i i i i i i i i 1 1 i 1 1 1 1 i 1 1 1 1 1 
0.0 46.9 



FIG..30A 
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1 26 59 ; ' 

GLLDLKSMIEKVTGKNALTNYGPYGCYCOWGGR6TPKDGTIMCCW3UIDHCYGRI.EEKOC 

NIRTQSYKYRFAWGVVTCEPGPFCHVinjCACDRKLVyCLKWJI^STOPQYQYFPlIIIiCS 

88 118 



I LIGATION 2 




PLA2G5 26-118 



1087 


6 Da 


MOLECULAR WEIGHT 



I I I I I III I I II II I I I I I I I I I J I I II II II I I III"! II III I I I 



0.0 



46.9 



GLLDI^SMIEKVTGKNALTNYGFYGCYC(WGGRGTPKIX5TDWCCWAHDHCYC!RLBEKQC 



118 



88 



LIGATION 3 



PLA2G5 M18 



Vs. 




1359 


3 Da 


MOLECULAR WEIGHT 



I I I I I I I I I I I I I I I I I I I I I I I I I I I II I I I II I I III I I II III 

yOO 46.9 

,> v — - — 



FIG..30B 



FIG.-30A 



FIG..30 
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